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oil  has  not  been  considered  in  the  present  article.     Its  existence 
.  has  been  recognized  by  nearly  all  observers,   and  it  is  to  this 
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cause  that  the  characteristic  grain- like  odor  and  taste  of  the  oil 
are  due. 

The  unsaponifiable  matter  is  very  largely  phytosterol  or  phy- 
tosteryl  alcohol.  The  amount  present,  as  determined  by  the  pro- 
cess of  Foster  and  Reichelmann,  is  found  to  be  1.41  per  cent.,  a 
rather  large  amount  in  comparison  with  that  in  most  seed  oils. 
To  the  presence  of  phytosterol  is  due  one  of  the  most  characteris- 
tic tests  for  maize  oil ;  i,  e,,  a  fine  violet  coloration  when  one 
drop  of  concentrated  sulphuric  acid  is  added  to  a  carbon  disul- 
phide  solution  of  the  oil  and  the  mixture  is  allowed  to  stand  for 
twenty-four  hours. 

A  small  amount  of  lecithin  is  also  present  in  the  unsaponifiable 
matter.  The  method  of  Benedikt  and  Lewkowitsch  was  employed 
for  this  determination  and  the  amount  of  phosphorus  pentoxide  re- 
covered was  0.98  per  cent.  From  this,  the  calculated  amount  of 
lecithin  present  in  maize  oil  is  i .  1 1  per  cent. ,  making  the  total 
amount  of  unsaponifiable  matter  2.52  per  cent. 

The  percentage  of  glycerol,  as  determined  by  Hehner*s  dichro- 
mate  method,  is  somewhat  high,  running  from  10.35  to  10.55  per 
cent. 

INSOLUBLE  FATTY  ACIDS. 

The  mixed  insoluble  fatty  acids  were  prepared  in  considerable 
bulk,  for  analysis,  by  a  process  analogous  to  that  used  in  deter- 
mining the  Reichert  value,  except  that  no  attempt  was  made  to 
have  the  work  quantitative.  The  oil  was  saponified  by  aqueous 
potassium  hydroxide  in  considerable  excess,  the  soap  decomposed 
by  dilute  sulphuric  acid,  and  the  resultant  liquid  heated  until  the 
oily  layer  of  liberated  fatty  acids  became  clear  and  transparent. 
The  whole  mass  was  then  transferred  to  a  separating  funnel,  the 
aqueous  layer  drawn  off,  and  the  fatty  acids  washed  with  boiling 
water  until  the  wash- water  was  neutral  to  litmus.  The  insoluble 
acids  were  then  subjected  to  a  steam  distillation  af  the  ordinary 
pressure  and  the  residue  washed  with  boiling  water,  filtered 
through  a  dry  filter,  and  dried  at  100®  C.  Considerable  difficulty 
was  found  in  obtaining  uniform  samples  for  analysis,  owing  to 
the  sharp  separation  of  the  acids  into  a  solid  and  a  liquid  portion. 

The  ordinary  constants  of  the  mixed  insoluble  acids,  prepared 
as  above,  were  first  determined,  the  melting-point  being  estab- 
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lished  by  the  method  of  I^a  Sueur  and  Crossley^  and  the  saponifi- 
cation value  both  by  titration  and  by  the  Koettstorfer  method. 
A  tabulation  of  the  results  obtained  follows  : 

Sp.  gr.  at  TOO**  C 0.8529 

Melting-point 224®  C. 

Iodine  absorption 120.98 

Bromine  thermal  value 21.6°  C. 

SAPONIFICATION    VALUE. 

By  titration    «> 198.29 

By  Koettstorfer 200.01 

MEAN  COMBINING  WSIOHT. 

By  titration 282.98 

By  Koettstorfer 280.64 

In  connection  with  these  results  a  statement  is  given  of  the  fig- 
ures obtained  by  other  observers,  as  follows  : 

Comparison  with  Rbsui«ts  of  Other  Observers. 

me1.ting-p01nt. 

Melting-point  acids.  Observers.  References. 

io.5*-i2.2**  C.  Hoppe-Seyler»  Bull.  Soc.  Chim.  (1866), [2],  6,  342. 

i6*»-i8*»  C.  Duli^re  J.  Pharm.  (1897),  217. 

i8**-2o®  C.  DeNegri  and  Fabris  Ztschr.  anal.  Chem.,  33,  547. 

20**  C.  Jean  J.  Soc.  Chem.  Ind.,  u,  504. 

39.5**  C.  DeNegri'  Chem.  Ztg.,  aa,  961-976. 

IODINE  ABSORPTION. 

Hiibl  No.  adds.  Observer.  Reference. 

113-115  De  Negri  and  Fabris  Ztschr.  anal.  Chem.,  33,  547. 

123.27  De  Negri'  Chem.  Ztg.,  aa,  961. 

125  Spiiller*  Dingl.,  264, 626. 

126.4  Hopkins  J.  Am.  Chem.  Soc,  Dec,  1898. 

SAPONIFICATION  VAI,UE. 
Sapon.  value.         Mean.  mol.  wt.  Observer.  Reference. 

198.4  282.76  Hart  Chem.  Ztg.,  6,  1522. 

An  attempt  was  next  made  to  obtain  an  approximate  idea  of 
the  relative  amounts  of  liquid  and  of  solid  fatty  acids  present  in 
the  mixture  and,  for  this  purpose,  the  method  proposed  by  Muter 
and  De  Koningh*  was  employed.  The  results  obtained  must  not 
be  regarded  as  entirely  accurate,  since  the  lead  salts  of  the  acetic 

1  J.  Soc.  Chem,  Ind.,  Nov.  30,  1898. 

*  Bther  extract. 

*  Petroleum  ether  extract. 

*  Allen  :  '*  Commercial  Organic  Analysis,"  Vol.  II(I),  247. 


Molecular 

Koettstorfer 

weight. 

figure. 

284.45 

197.22 

269.78 

207.94 
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series  of  fatty  acids  are  not  wholly  insoluble  in  ether  and  those  of 
the  oleic  and  the  linolic  series  are  not  completely  soluble.  The  con- 
stants of  the  two  fractions  were  then  determined,  great  care  being 
taken  to  avoid  oxidation  during  the  process,  and  a  tabulation  of 
the  results  obtained  follows  : 

Iodine 
Percentage.         absorption. 

Liquid  fatty  acids-  >  •  •   72.26  I35*97 

Solid  fatty  acids 27.74(calc. )     54.23 

Wallenstein  and  Finck  report  an  iodine  absorption  figure  of 
140.7  for  the  liquid  fatty  acids  of  this  oil,  a  somewhat  higher 
figure  than  has  been  obtained  in  the  present  investigation. 

It  will  be  noticed  that  the  percentage  of  liquid  fatty  adds  is 
high.  The  terms  **  liquid**  and  '*  solid*'  used  in  this  connection 
are  misleading  since,  as  will  be  shown  later,  one  of  the  principal 
acids  of  maize  oil  is  both  solid  and  unsaturated,  having  its  lead 
salt  soluble  in  ether. 

FRACTIONAL  PRECIPITATION  OF  MIXED  ACIDS. 

Forty  grams  of  the  mixed  insoluble  fatty  acids  were  dissolved  in 
hot  neutral  alcohol,  care  being  taken  to  use  enough  alcohol  to  in- 
sure complete  solution  at  all  temperatures.  To  the  hot  liquid  was 
added  a  boiling  solution  of  1.5  grams  magnesium  acetate  in  alco- 
hol and  the  mixture  was  then  thoroughly  agitated  and  allowed  to 
stand  for  twenty-four  hours.  As  no  precipitate  was  thrown 
down,  the  operation  was  repeated  with  a  second  portion  of  mag- 
nesium acetate  and,  upon  standing,  a  white  solid,  like  the  scra- 
pings of  candles,  separated  out.  This  precipitate  was  filtered  oflF 
and  a  fresh  portion  of  magnesium  acetate  added  to  the  filtrate  as 
before,  the  operation  being  repeated  as  long  as  it  was  possible  to 
obtain  new  precipitates.  In  this  manner  four  successive  fractions 
were  separated,  all  white  and  all  but  the  first  curdy  in  appear- 
ance. The  fifth  fraction  was  obtained  by  making  the  liquid 
strongly  alkaline  with  ammonia,  before  the  addition  of  fresh  mag- 
nesium acetate,  and  allowing  the  mixture  to  stand  for  three  days 
before  filtering.  The  sixth  and  seventh  fractions  were  obtained 
by  neutralizing  the  liquid  with  acetic  acid  and  then  treating  it  with 
lead  acetate.  The  precipitate  thus  obtained  was  filtered  oflf,  dis- 
solved in  ether  as  far  as  possible,  and  the  insoluble  portion  fil- 
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tered  out.  The  final  fraction,  having  its  lead  salt  soluble  in 
ether,  was  then  freed  from  the  ether  by  gently  heating  the  liquid. 

The  several  fractions  were  next  well  washed  with  cold  dilute 
alcohol,  dried  in  filter-paper,  and  decomposed  by  hot,  dilute 
hydrochloric  acid.  The  liberated  fatty  acids  were  then  washed 
with  boiling  water  until  neutral  to  methyl  orange,  filtered  and 
dried  as  in  the  Hehner  and  Angell  process.  The  purified  acids 
were  now  examined  for  melting-point,  iodine  absorption,  bromine 
absorption,  saponification  figure,  and  mean  molecular  weight. 

In  the  determination  of  melting-point,  a  short  piece  of  glass 
tubing  with  small  bore  was  coated  over  one  end  with  a  film  of  the 
acid  and  bound  to  the  bulb  of  a  delicate  thermometer.  This  was 
immersed  in  water,  which  was  gradually  raised  in  temperature. 
The  point  at  which  the  fatty  film  was  detached  from  the  tube  and 
rose  to  the  surface  was  recorded  as  the  melting-point. 

A  tabulation  of  the  results  obtained  follows,  and  it  will  be 
observed  that  the  acids  constituting  the  several  fractions  give  a 
pretty  regular  series  of  values  for  all  constants  determined. 

APPEARANCE  OF  THE  SEVERAI,  FRACTIONS. 

1 .  White  waxy  mass  like  the  scrapings  of  candles. 

2.  White  warty  substance  like  soft  tallow. 

3.  Pale  yellow  solid,  rather  harder  than  butter. 

4.  Buttery,  dark  brown  mass.  The  magnesium  salt  of  this 
fraction  was  very  stable  and,  upon  being  decomposed  by  acid, 
immediately  oxidized  to  a  dark  brown  color.  The  filtrate  was 
colored  bright  yellow  and  had  a  peculiar  odor,  showing  that  some 
decomposition-product  had  been  formed. 

5.  Similar  to  4,  birt  somewhat  softer. 

6.  Similar  to  i. 

7.  Dark  red-brown  liquid,  of  comparatively  low  viscosity. 


• 

Bcj^uivalent 

Melting. 

Mean  mol. 

Saponification 

Iodine 

Bromine 

iodine 

point. 

weight. 

value. 

absorption. 

absorption. 

absorption. 

I 

50.2 

272.00 

206.25 

15.35 

...  a 

■  a  a  • 

2 

37.2 

276.03 

203.24 

69.74 

.... 

•  •  .  a 

3 

35.8 

284.76 

197.00 

101.94 

64.55 

102.46 

4 

3^.1 

289.75 

193.62 

102.77 

66.23 

I05ai4 

5 

21.5 

287.60 

195.06 

114.98 

73.22 

116.26 

6 

55.2 

268.11 

209.24 

9.51 

5.32 

8.45 

7 

Liquid 

286.07 

196. 1 1 

137.61 

85.91 

136.39 

An  examination  of  the  several  fractions  and  of  their  constants, 
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as  given  in  the  foregoing  table,  indicates  the  presence,  particu- 
larly in  the  fourth  fraction,  of  some  unsaturated  fatty  add  which 
is  readily  oxidizable  in  the  air.  The  melting-point  and  iodine 
absorpttoii  of  this  fraction  suggest  hypogaeic  acid,  and  an  ufti- 
mate  analysis  of  the  substance,  twice  repeated,  gave  a  formula 
very  nearly  corresponding  to  C„H„0,.2H,0,  except  that  the  per- 
centage of  oxygen  was  somewhat  high.  The  presence  of  water, 
due  to  the  impossibility  of  completely  drying  so  oxidizable  an 
acid,  explains  the  high  molecular  weight  of  this  fraction  and  the 
excess  of  oxygen  is,  of  course,  due  to  the  oxidizability  of  the  oil. 
From  the  foregoingevidence  the  presence  of  hypogaeicacid  asachar- 
acteristicacidofmaizeoil  may  be  considered  as  conclusively  proved. 

A  separate  investigation,  in  the  method  suggested  by  Reuard,' 
was  conducted  to  determine  the  presence  of  arachidic  acid.  A 
small  crop  of  crystals  was  obtained,  showing  the  characteristic 
form  of  arachidic  acid  under  the  microscope,  but  the  quantity 
recovered  was  too  small  for  further  investigation. 

The  occurrence  of  stearic,  palmitic,  and  oleic  acids  in  maize  oil 
was  first  reported  by  Hoppe-Seyler^  in  1866,  He  succeeded  in 
isolating  these  acids,  and  their  presence  has  since  been  confirmed 
by  many  observers.  Linolic  acid  was  first  determined  in  1894 
by  Rokitiansky,'  who  prepared  its  oxidation -product,  sativic  or 
tetrahydroxystearic  acid.  This  result  is  confirmed  by  a  late  ob- 
server, C.  G.  Hopkins,*  of  Cornell  University,  who  finds  a  large 
percentage  of  linolic  acid  in  corn  oil.  Rokitiansky  also  asserts 
the  presence  of  a  hydroxylated  acid  (probably  ridnoleic)  in  the 
solid  fatty  adds,  and  this  conclusion  is  rendered  probable  by  the 
somewhat  high  acetyl  figure  (11. 12-11.49)  of  the  oil, 

A  summary  of  the  insoluble  fatty  acids  shown  to  exist  in  the 
oil  of  mai7.e  is  therefore  as  follows  : 


Vmeolaad. 

ormnU. 

Name  of  nnalyirt. 

Stearic 

Hoppe-Seyler 

Palmitic 
Arachidic 

Vuh^d  Gibson 

Hg..„.e 

VuW  and  Gibson 

Hoppe-Seyler 

Rokitiansky 

Linolic 

Ricinoleic(?) 

Rokitiansky 

Allen  :  "  CommeicUl  Organ 

c  Analyaia,' 

II  (I),  114- 

S..II.  Soc.  Oiim.  (.866),  [2],  t 

142. 

n.  Run,  (1894),  71J-713. 

Thiljourn.!.  w.  948. 
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SOLUBLE  FATTY  ACIDS. 

In  the  determination  of  the  constants  of  maize  oil,  the  Reichert 
value  (4.2-4.3)  obtained  as  the  result  of  a  large  number  of  tests 
was  found  to  be  higher  than  that  of  any  other  seed  oil,  cocoanut 
oil  (3.5-3.7)  coming  next.  The  figures  obtained  for  this 
constant  by  other  analysts  differ  widely  in  value,  running  from 
0.0^  to  6.7.'  The  Reichert  value  and  high  percentage 
of  glycerine  indicate  the  presence  of  a  notable  amount 
of  volatile  acids  and,  as  comparatively  little  attention  has  been 
paid  to  their  determination,  certain  observers  gojng  so  far  as  to 
doubt  their  existence,  it  was  thought  well  to  attempt  their  iden- 
tification, so  far  as  possible.  For  this  purpose  the  mixed  acids  were 
prepared  as  in  the  Hehner  and  Angell  process,  and  the  insoluble 
acids  filtered  oflf .  An  aliquot  portion  of  the  filtrate  was  then  neu- 
tralized with  decinormal  potassium  hydroxide,  methyl  orange  indi- 
cator and  the  titration  continued  until  neutral  to  phenolphthalein. 
The  excess  of  decinormal  potassium  hydroxide  of  course  rep- 
resents the  soluble  fatty  adds.  (Itwas  found  that  i  gram  of  the  oil 
required  0.0088  gram  potassium  hydroxide  for  the  neutralization 
of  its  volatile  acids,  this  corresponding  to  a  Reichert  value  of  3.9 
and  a  mean  molecular  weight  of  about  130.) 

The  larger  part  of  the  filtrate  was  then  saturated  with  calcium 
chloride  and  allowed  to  stand.  A  small  amount  of  oil  separated 
out,  showing  the  presence  of  acids  higher  than  formic  and  acetic 
but  lower  in  the  series  than  lauric.  No  attempt  was  made  to 
identify  the  acids  in  this  fraction,  but  Rokitiansky  reports  the 
probable  presence  of  caproic,  caprylic,  and  capric  acids. 

A  portion  of  the  aqueous  liquid  was  carefully  separated  from 
all  oily  drops  and  heated  with  alcohol  and  concentrated  sulphuric 
add.  The  fragrant  and  characteristic  odor  of  ethyl  acetate  was 
produced  in  a  marked  degree,  thus  establishing  the  presence  of 
acetic  add,  an  acid  never  before  reported  for  maize  oil.  As  a 
confirmatory  test,  ferric  nitrate  was  added  drop  by  drop  to  a  por- 
tion of  the  original  filtrate.  The  blood-red  color  characteristic  of 
ferric  acetate  was  obtained  and  responded  to  the  usual  tests  for 
establishing  its  identity. 

Another  portion  of  the  original  filtrate  was  treated  with  silver 

1  Hopkins. 

s  Morse :  N.  H.  Expt.  S|a.  Bull.  (189a),  16,  19. 
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nitrate  and  gently  warmed.  A  marked  precipitate  of  metallic 
silver  was  formed,  this  proving  the  presence  of  formic  acid  in  com 
oil.  This  acid  was  reported  by  Rokitiansky,  but  its  occurrence 
has  not  been  confirmed  by  any  later  observer. 

The  soluble  acids  thus  far  determined  in  corn  oil  are  therefore 
summarized  as  follows : 


Name  of  acid. 

Formula. 

Name  of  analyst. 

Formic 

CH.O, 

Rokitiansky 

Acetic 

CHA 

Vult^  and  Gibson 

Caproic* 

C,H„0, 

Rokitiansky 

Caprylic^ 

C.H„0, 

Rokitiansky 

Capric* 

C„H„0, 

Rokitiansky 

Scientific  knowledge  as  to  the  properties  of  the  various  fatty 
acids  is  at  present  so  scanty  and  fragmentary  and  the  lack  of 
any  connected  scheme  for  their  analysis  is  so  absolute  that  the 
complete  investigation  of  any  oil  presents  almost  insurmountable 
difficulties.  Further  examination  of  corn  oil  is  needed  in  order 
to  establish  or  disprove  the  presence  of  caproic,  caprylic,  capric, 
and  ricinoleic  acids  and  also  to  determine  the  relative  percentages 
of  the  various  acids  with  accuracy.  The  present  investigation 
adds  to  the  known  constituents  of  the  oil,  acetic,  hypogaeic,  and 
arachidic  acids,  and  confirms  the  presence  of  formic  acid,  which 
was  up  to  this  time  considered  doubtful. 


[Contribution   from  'Thb  Chemical   Laboratory  of  thb  North 

Carolina  Department  of  Agriculture.] 

KILGORE'5  nODIFICATION  OF  THE  VOLUHETRIC  METHOD 
OF  ESTIHATINQ  PHOSPHORIC  ACID.* 

Bt  C.  B.  Williams. 
Received  November  is,  looo. 

IN  the  laboratories  of  fertilizer  control  stations  and  other  insti- 
tutions where  a  large  number  of  determinations  of  phosphoric 
acid  are  required  to  be  made  quickly  and  accurately  each  year,  it 
has  been  recognized  for  some  time  as  almost  imperative  that  some 
method  shorter  than  the  *' gravimetric "  should  be  devised.  In 
1894  Mr.  Kilgore,  then  reporter  on  phosphoric  acid  for  the 
Association  of    Official  Agricultural    Chemists,    realizing    this 

*  Probable  only. 

^  Read  before  the  November  meeting  ol  the  North  Carolina  Section  of  the  American 
Chemical  Society. 
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urgent  demand,  was  the  first  to  take  up  systematically  the  task 
by  first  thoroughly  investigating  himself  and  then  submitting,  as 
reporter,  to  the  test  of  the  Association  the  modified  volumetric 
method.  In  his  report  he  gave  credit  to  Mr.  Henry  Pemberton 
who  had,  the  previous  year,  published  the  description  of  amethod 
based  on  this  principle  and  which  had  been  used  very  satisfactorily 
by  a  number  of  chemists.  With  this  latter  method,  Mr.  Kilgore 
had  obtained  fairly  good  but  not  uniformly  good  results. 

After  considerable  experimentation  as  regards  precipitant,  pre- 
cipitation, and  filtration,  he  proposed  a  modification  o'f  this  method, 
stating  he  had  found  that  the  modification  gave  him  more 
satisfactory  results  with  fertilizers.  Since  then  each  successive 
year  has  witnessed  a  still  further  modification  until  now  we  have 
a  method  that  is  used  in  a  large  number  of  laboratories  in 
America  with  very  gratifying  results  both  in  point  of  accuracy 
and  rapidity. 

The  writer  was,  during  the  past  spring,  enabled  to  precipitate 
by  shaking,  wash  and  titrate  thirty  phosphoric  acid  samples  daily 
with  great  facility  by  the  modified  volumetric  method. 

The  reagents  used  are  the  same  as  those  prescribed  for  the 
volumetric  method  by  the  Association  of  OfiScial  Agricultural 
Chemists  except  that  the  strengths  of  the  standard  solutions « of 
potassium  hydroxide'  and  nitric  acid  are  made  up  so  that  i  cc.  of 
each  will  represent  0.5  milligram  of  phosphoric  acid,  this  being 
one-half  the  strength  given  in  the  Association  method. 

The  method  as  carried  out  is  as  follows  : 

Totals  are  brought  in  solution  in  the  usual  way  by  boiling  in  a 
200  cc.  flask,  on  a  sand-bath,  2  g^ams  fertilizer  with  30  cc.  con- 
centrated nitric  acid  and  10  cc.  concentrated  hydrochloric  add  to 
about  8  or  10  cc.  concentration,  except  in  fertilizers  containing 
much  iron  and  alumina,  in  which  instance  30  cc.  concentrated 
hydrochloric  acid  alone  is  first  added  and  boiled  for  about  thirty 
or  forty  minutes  ;  then,  after  slightly  cooling,  30  cc.  concentrated 
nitric  acid  is  added  and  the  boiling  continued  until  the  excess  of 
hydrochloric  acid  is  removed.  After  cooling  make  up  to  volume 
and  filter  out  aliquot  portions  or  allow  to  stand  several  hours  before 

1  The  standard  potassiam  hydroxide  is  freed  from  carbon  dioxide  by  first  dissolving 
It  in  95  per  cent,  alcohol,  letting  settle  and  then  filtering  off  by  reverse  filtration  the 
•upematant  solution  free  from  the  insoluble  xwtassium  carbonate.  This  method  is  much 
quicker  and  simpler  than  the  barium  hydroxide  method. 
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measuring  out.  This  latter  is  done  in  order  that  the  supernatant 
liquid  may  become  perfectly  clear  so  it  can  be  measured  out  with 
a  pipette  without  filtration. 

Twenty  cc.  of  solution  corresponding  to  0.2  gram  fertilizer 
(except  in  samples  containing  over  20  per  cent,  of  phosphoric 
acid,  when  10  cc.  is  used)  are  measured  into  a  500  cc  Erlenmeyer 
flask,  the  inside  diameter  of  whose  neck  measures  about  40  mm., 
and  to  it  is  added  10  to  12  grams  of  ammonium  nitrate  and  50  cc. 
of  distilled  water.  Neutralize  the  excess  of  acid  with  ammonia. 
When  the  contents  have  cooled,  3occ.of  recently  filtered  molybdic 
solution  are  added  and  the  flask,  after  securely  stoppering  with 
a  rubber  stopper,  is  placed  in  a  Wagner  shaking  machine  which  is 
revolved  by  a  hot  air  motor  and  here  shaken  for  thirty  minutes. 
The  shaking  machine  is  maintained  at  45  to  55  revolutions  per 
minute,  as  this  velocity  has  been  found  to  give  the  maximum 
agitating  efficiency.  Remove  the  flask  from  the  shaking  machine 
and  filter  and  wash  by  suction  on  a  filter  prepared  as  follows  : 

Through  the  rubber  stopper  in  a  i6-ounce  pressure  bottle  of 
Erlenmeyer  form  is  passed  the  small  end  of  a  carbon  filter;  in  the 
bottom  of  this  is  a  perforated  porcelain  plate  or  disk  to  which  is 
rigidly  fastened  a  No.  19  copper  wire,  about  25  cm.  long,  that 
projects  downwards  into  the  pressure  bottle.  The  disk  is 
covered  with  a  thin  layer  of  asbestos. 

After  thoroughly  transferring  the  ammonium  phosphomolyb- 
date  and  washing  out  the  flask  onto  the  asbestos  filter,  six  more 
washings  are  given  the  precipitate.  Then  remove  the  stopper 
from  the  pressure  flask  with  the  small  end  of  the  carbon  filter  still 
stuck  through  it  and  hold  upright  over  the  sink  and  wash  the 
outside  free  from  acid  with  distilled  water.  Reverse  the  carbon 
filter  into  the  mouth  of  the  flask  that  originally  contained  the 
precipitate,  still  holding  the  small  stem,  and  by  means  of  the 
copper  wire  that  extends  beyond  the  small  end  of  the  carbon 
filter,  push  out  the  disk,  asbestos  and  precipitate  into  the  flask  ; 
wash  the  disk  and  inside  of  carbon  filter  carefully  and  titrate, 
using  a  stirring  rod  about  30  cm.  long  to  thoroughly  agitate  dur- 
ing the  operation. 

In  determining  insolubles,  40  cc.  of  solution,  corresponding  to 
0.4  gram  fertiliser,  are  taken.  The  precipitation,  shaking, 
washing,  and  titrating  are  practically  the  same  as  with  totals, 
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except  that  little  or  no  water  is  added  in  preparing  for  precipita- 
tion. During  the  past  spring  1,000  totals  and  1,000  insolubles 
were  made  by  the  above  method  with  not  a  single  incomplete  pre- 
cipitation, the  yellow  precipitate  always  coming  down  in  a 
granular  form  that  was  easily  filtered  and  washed. 

Distilled  water  must  be  used  in  washing,  as  the  suspended 
matter  in  ordinary  water,  in  case  it  contains  any,  will  not  only 
retard  filtration,  but  will  form  a  compact  coating  over  the  precipi- 
tate that  will  greatly  increase  the  difficulty  of  effecting  a  solution 
of  the  yellow  precipitate  with  standard  alkali  as  well  as  obscuring 
the  color  change  of  the  indicator. 

During  the  past  year  a  large  number  of  comparative  results 
have  been  obtained  in  this  laboratory  on  commercial  fertilizers 
offered  for  sale  in  the  State  to  test  the  volumetric  method,  as  de- 
scribed above,  with  the  regular  official  gravimetric  method  of  the 
Association.    In  all  instances  results  were  extremely  satisfactory. 

During  the  past  summer,  three  samples  (two  of  ground  phosphate 
rock  and  one  of  American  slag)  sent  out  by  the  referee  on  phos- 
phoric acid  for  the  Association  of  Official  Agricultural  Chemists, 
were  analyzed  with  the  following  results  : 


No. 


389* 


390* 


Gravimetric  method. 

Volumetric  method 

13.45 

(-13.55 
I13.43 

13.50 

13.51 

13.50 

17.21 

16.88 

17.23 

16.93 

17.27 
17.35 

16.95 

16.90 

17.33 

.17.27 

'  26.01 

25.90 

26.10 
26.11 

25.80 

25.85 

26.02 

25.88 

391^ 


It  will  be  noticed  that  the  gravimetric  results  on  sample  No. 
390  are  perceptibly  higher  than  those  determined  volumetrically. 
This  is    probably    due  to    the   presence  of  iron  in   the  mag- 

1  Ground  phosphate  rock. 
*  American  slag. 
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nesium  pyrophosphate  as  a  qualitative  test,  for  iron  revealed 
its  presence  there.  As  sample  No.  391  contains  4.70  per  cent, 
ferric  oxide,  this  may  account  for  the  wider  variation  than  in 
No.  389  between  the  gravimetric  and  volumetric  results. 

Raleigh,  N.  C. 
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A   METHOD  FOR    PREPARING    NORMAL,  5EMIN0RMAL, 

DECINORMAL,   ETC.,   SULPHURIC    ACID 

OF  EXACT  STRENGTH. 

By  Richard  K.  Meade. 

Received  November  lu,  1900. 

THE  principal  beauty  of  the  normal  system  in  volumetric 
analysis  is  the  doing  away  with  calculations.  If  then  it  is 
necessary  to  use  a  factor  for  converting  to  normal  with  a  solution 
much  of  the  usefulness  of  the  system  is  destroyed.  Unfortunately 
with  by  far  the  larger  number  of  reagents  used  in  volumetric 
analysis  it  is  only  with  the  greatest  care  that  such  solutions  can 
be  made  of  normal  strength.  Of  the  commonly  used  acid  and 
alkali  solutions,  only  oxalic  acid  and  sodium  carbonate  can  be 
prepared  of  exact  strength,  without  first  having  another  standard 
solution  against  which  to  balance  a  preliminary  and  then  the 
exact  solution.  Even  then,  the  latter  is  frequently  too  wide  of 
the  normal  value  to  be  used  without  a  factor.  The  writer  has 
been  for  some  time  preparing  normal,  seminormal,  and  more  par- 
ticularly decinormal  sulphuric  acid  of  exact  strength  by  the  method 
given  below.  The  solution  as  prepared  by  this  method  needs  no 
checking,  except  as  a  safeguard  against  errors  of  manipulation 
on  the  part  of  the  analyst. 

If  the  electric  current  is  passed  through  a  solution  of  copper 
sulphate  the  salt  is  decomposed,  copper  separating  upon  the  cathode 
and  sulphuric  acid  at  the  anode.  This  latter  remains  in  solution 
and  is  not  decomposed  by  the  current.  Hart  and  Croasdale* 
took  advantage  of  this  reaction  to  standardize  alkali  solutions. 
Their  results  were  highly  accurate.  The  writer  has  frequently 
made  use  of  this  method  of  standardizing  alkali  and  has 
obtained  results  far  more  satisfactory  than  by  any  other  method. 

1  J.  Anal.  Chem.^  4,  424. 
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The  method  of  preparing  tenth-normal  sulphuric  acid  by  means 
of  this  reaction  is  as  follows  : 

12.487  grams  of  pure  crystallized  copper  sulphate  are  dissolved 
in  about  750  cc.  of  distilled  water  in  a  lipped  beaker  capable  of 
holding  about  a  liter.  Into  this  solution,  after  cooling,  is  intro- 
duced a  cylinder  of  copper  foil  attached  to  the  minus  ( — )  wire 
of  an  electric  circuit.  This  copper  cylinder  may  be  made  from 
0.015  i^c^  copper  foil.  The  foil  is  cut  the  required  length  (three 
times  the  diameter  of  the  beaker  +  one-half  inch)  curled  so  that 
the  ends  lap,  and  holes  punched  through  the  two  thicknesses  of 
foil  with  a  sharp  nail.  Wire  is  then  run  through  the  holes,  fasten- 
ing  the  two  ends  of  the  foil  together.  A  platinum  rod  for  an 
anode  is  next  passed  through  a  perforated  watch-glass  covering 
the  beaker  into  the  copper  sulphate  solution.  A  current  of 
electricity  of  from  one  to  one  and  a  half  amperes  is  now  passed 
through  the  solution  for  about  eight  hours  ;  or  all  night  if  the 
decomposition  is  begun  in  the  afternoon.  In  the  morning  the 
watch-glass  is  removed  and  rinsed  off  together  with  the  cylinder 
and  the  rod  into  the  beaker.  The  solution  is  then  transferred  to 
a  liter  graduated  flask  ;  any  copper  which  may  have  dropped  off 
the  cylinder  into  the  beaker  is  to  be  washed  well  by  decantation, 
rinsing  the  beaker  at  the  same  time  into  the  flask.  The  contents 
of  the  latter  are  then  diluted  to  the  mark. 

The  first  few  solutions  made  in  this  way  were  subjected  to  the 
following  tests : 

A  portion  of  the  solution  was  carefully  evaporated  to  small  bulk 
and  hydrogen  sulphide  passed  into  the  liquid.  No  precipitate 
formed. 

Another  portion  of  the  solution  was  evaporated  to  a  few  cubic 
centimeters,  ammonia  added,  and  the  test-tube  stood  upon  white 
paper.     No  blue  color. 

A  third  portion  of  the  solution  after  evaporation  was  placed  in 
a  bright  platinum  dish,  a  drop  of  nitric  acid  added  and  a  weak 
current  passed  through  the  solution.  After  one  hour  no  copper 
stain  appeared  on  the  dish  and  the  platinum  was  still  bright. 

The  results  given  by  the  first  solution  made  when  checked  by 
volumetric  and  gravimetric  methods  are  given  below  : 

An  exactly  tenth-normal  solution  of  sodium  carbonate,  made 
by  igniting  pure  bicarbonate  and  then  dissolving  5.305  grams  of 
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the  resulting  sodium  carbonate  in  a  liter  of  water,  was  first  used. 

Sulphuric  acid  solution 
Sodium  carbonate  solution  required  to  neu- 

Check  taken.  tralize. 

No.  cc.  cc. 

I 25.0  25.0 

2 25.0  25.1 

3 150    ■  15.05 

4 150  149 

A  tenth-normal  sodium  hydroxide  solution  was  next  used.  This 
solution  was  made  by  dissolving  freshly  cut  clean  bright  pieces  of 
metallic  sodium  in  water  contained  in  a  silver  dish  and  covered 
with  a  large  inverted  funnel.  It  was  preserved  in  a  large  bottle 
and  drawn  off  for  use  by  means  of  a  siphon  passing  through  the 
stopper  of  the  bottle.  All  air  entering  the  bottle  passed  through 
a  soda-lime  tube,  capped  when  not  in  use.  This  sodium  hydroxide 
solution  had  been  checked  against  a  fifth- normal  hydrochloric 
acid  solution  which  in  its  turn  had  been  standardized  by  precipi- 
tation with  silver  nitrate.  It  was  also  checked  by  the  copper 
sulphate  and  battery  method  of  Hart  and  Croasdale.  These  checks 
established  a  factor  0.99501,  for  converting  to  tenth-normal. 

Sodium  hydroxide  Equivalent  volume  Sulphuric  acid 

Check  solution  taken.  of  N/io solution.  solution  required. 

No.  cc.  cc.  cc. 

I 10  X    0.995  —  9.95  lO.O 

2 10    X    0.995  =  9.95  9.9 

3 20  X    0.995  =  199  19.9 

Finally  25  cc.  of  the  sulphuric  acid  solution  were  acidified  with 
a  few  drops  of  hydrochloric  acid,  heated  to  boiling,  and  an  excess 
of  a  hot  10  per  cent,  solution  of  barium  chloride  slowly  added 
with  constant  stirring.  After  standing  all  night  the  precipitate 
was  filtered  off,  ignited,  and  weighed. 

1.  Weight  of  barium  sulphate •  0.2923  gram. 

The  molecular  weight  of  barium  sulphate  is  233.46  ;  hence,  25  cc. 

of  a  tenth-normal  solution  should  give  -^^     ,, — —    =   0.29183 

2X 10X1000  *^ 

gram  barium  sulphate.     The  solution  is  therefore  a  little  under 

tenth-normal,  or  2923  :  2918  :  :  x  :  i  ;  x   =^  1.002,  which  gives 

the  factor  for  converting  to  tenth-normal. 

2.  Weight  of  barium  sulphate 0.2938  gram. 

Factor  is  in  this  case 1.003 

Average  factor  for  the  two  determinations 1.0025 
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Of  course  results  by  precipitation  with  barium  sulphate  would  be 
worthless,  if  the  absence  of  copper  had  not  been  previously 
proved. 

Since  making  this  solution,  the  writer  has  repeatedly  made 
normal  and  fifth-normal  solutions  by  this  method  ;  it  was  not 
until  recently  though,  that  he  had  occasion  to  make  a  normal 
solution.  In  this  ca^e,  124.87  grams  of  copper  sulphate  were  dis- 
solved in  800  cc.  of  water  and  decomposed  by  a  current  of  2.5 
amperes.  The  decomposition  was  complete  in  about  twelve 
hours,  though  the  current  was  allowed  to  run  nearly  eighteen. 
After  making  up  to  a  liter,  the  strength  of  the  solution  was  taken 
against  the  sodium  carbonate  solution  mentioned  above  with  the 
following  results : 

Sulphuric  acid  solution  taken.     Sodium  carbonate  solution  required, 
cc  cc. 

5.0  501 

50  50-2 

5-0  49-8 

5.0  49.95 


Average,  50.025 

100  CC.  of  the  normal  solution  were  then  diluted  to  1000  cc.  in 
a  graduated  flask,  and  after  mixing  tested  against  the  N/io 
sodium  hydroxide  solution  mentioned  above. 


Sodium  hydroscide  solution 
taken. 

Equivalent  volume  of 
N/io  alkali  solution. 

Sulphuric  acid 
required. 

cc. 

cc. 

cc. 

lO.O 

X 

0.995 

— 

9.95 

10. 1 

lO.O 

X 

0-995 

^= 

9.95 

lO.O 

lo.O 

X 

0.995 

9-95 

lO.O 

lO.O 

X 

0.999 

9-95 

9-95 

10. 0 

X 

0.995 

■    ■  ■ 

9-95 

9-95 

Average,      10.00 

All  of  the  solutions  made  by  this  method  have  been  checked 
against  the  sodium  hydroxide  solution,  with  the  result  that 
the  strength  of  the  sulphuric  acid  solution  is  always  the  desired 
one. 
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A    COilPARATIVE    METHOD     FOR    DETERMININQ    THE 

FUSINQ-POINTS  OF  ASPHALTS. 

By  Charles  P.  Mabes.y  and  Otto  J.  Sibplein. 

\         Received  November  14*  1900. 

SINCE  all  asphaltic  bodies  are  complex  mixtures  of  hydro- 
carbons with  different  melting-points,  it  is  evidently  quite 
out  of  the  question  to  determine  even  approximately  the  melting- 
points  of  the  asphaltic  mixtures.  The  elements  of  time  and 
temperature  must  be  taken  into  account.  A  product  that  softens 
slowly  under  the  influence  of  a  summer's  sun,  may  not  fuse  com- 
pletely below  100°  under  the  influence  of  heat  suddenly  applied. 

The  methods  for  determining  these  melting-points  hitherto 
employed  by  manufacturers  and  consumers  are  extremely  crude  ; 
such  for  example  as  inserting  a  thermometer  into  the  melted 
material,  allowing  the  adhering  mass  to  harden,  and  then  holding 
it  over  a  flame  and  noting  the  temperature  at  which  it  softens 
and  falls  off.  Every  manufacturer,  therefore,  and  those  who  use 
his  products,  have  felt  an  imperative  need  of  a  method  that  should 
enable  them  to  ascertain  with  some  degree  of  accuracy  the  quality 
of  every  quantity  of  material  produced.  Such  a  method  must  be 
simple  and  capable  of  application  by  any  person  who  is  able  to 
read  a  thermometer.  There  must  be  few  variable  elements, 
which  would  affect  seriously  the  accuracy  of  the  observation,  and 
those  that  must  remain  constant  must  be  clearly  defined. 

Having  been  called  upon  to  suggest  a  method  that  should 
fulfil  these  requirements,  one  of  us  (Mabery)  proposed  the  one 
to  be  described  which  seems  to  promise  reliable  results.  In  a 
glycerine-bath  in  a  beaker  of  moderate  size  is  placed  a  narrow 
beaker  closed  with  a  cork  through  which  is  passed  a  thermometer. 
There  is  also  inserted  through  the  cork  close  to  the  side  of  the 
narrow  beaker,  a  strip  of  metal,  one-half  inch  wide,  bent  over  the 
side  of  the  beaker  as  a  support,  and  extending  to  within  ^  inch  of 
the  bottom  of  the  beaker.  The  lower  end  of  the  metal  strip  is 
bent  at  right  angles  and  the  narrow  corners  are  bent  upwards. 
The  bend  in  the  metal  is  used  as  a  support  for  the  section  of 
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asphalt,  whicfa  is  pressed  on  the  points,  fonned  by  the  comers  of 
the  metal.     The  dimensions  ofthe  apparatus  used  by  us  are  given, 
but  evidently  the  only  constants  need  be  the  distance  of  the  ther- 
mometer from  the  specimen,   the  distance  of  the  metal  from  the 
bottom  of  the  beaker,  the  width   of  the  metal  strip,  and  the 
dimensions   of  the  specimens   to  be   tested.      With   the  metal 
strip  i  inch  wide  the  specimen  to  be  tested  is  cut  or  molded 
of  sufEdent   lengh  to  project   \    inch    on    either    side  of   the 
metal.      The  observation  consists    in    noting   the    temperature 
at    which     the    specimen    softens     and     becomes    sufficiently 
fiuid    to    fall  on  either  side    of    the    metal  support    and    just 
touch  the  bottom  of  the  beaker.     The  dimen- 
sions of  the  different  parts  of  the  apparatus  are 
given  with  the  illustration.    We  found  it  conve- 
nient to  place  a  disk  of  copper  or  iron  on  the 
bottom  of  the  inside  beaker,  since  it  could  be  re- 
moved after  the  observation,  and  the  asphalt  that 
had  fallen  more  conveniently  cleaned  than  from 
the  bottom  of  the  beaker.     While  a  Bunseu  gas 
flame  is  the  more  convenient  source  of  heat,  an 
alcohol  or  an  oil  lamp  can  be  used  when  gas  Is 
not  at  hand.      Evidently   the   time  of   beating 
should  not  vary  widely,  although  we  have  found 
as  will  appear  that  a  variation  of  five  minutes 
had  no  appreciable  effect  on  the  melting-points. 
The  a]q>aratus  used  in  the  determinations  de- 
scribed in  this  paper  had  the  following  dimen- 
sions which  are  given  in  inches  that  they  may  be  readily  under- 
stood by  any  manufacturer.     The  only  dimensions  that  must  be 
constant  were  mentioned  above  : 

Width  of  outside  beaker 

Height  of  "  

Width  of  inside  beaker   

Height  of  '  ■  

Width  of  metal  support 

Length  of  lower  bend  of  support 

Distance  of  specimen  from  false  bottom  of  beaker 

Dislance  of  thermometer  from  specimen 

Standard  size  of  specimen - i  x  j  x  } 

a-a3 
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In  testing  the  eflBciency  of  this  method,  the  fusing-points  of  a 
variety  of  asphaltic  materials  were  determined.  Observations 
were  made  of  the  initial  temperature,  of  the  temperature  at  the 
time  when  the  softened  material  just  touched  the  bottom  of  the 
beaker,  and  of  the  time  of  heating.  The  effect  of  varying  the 
dimensions  of  the  specimen  on  the  f  using-point  was  also  observed. 

Specimen  i,  byerlyte. 

Dimensions  of  specimen,  i"  x  Y'  x  \". 

(i)  Time,  ten  minutes;  temperatures,  30^-132°  f using-point. 

(2)  Dimensions  of  specimen,  i"xi"x^".  Time,  five  minutes; 
temperatures,  2o°-i3i°  f using-point. 

To  determine  the  influence  of  thickness,  the  following  experi- 
ments were  made  with  the  same  material  as  in  (i)  and  (2)  : 

(3)  Dimensions,  J"x^"x^";  time,  eleven  minutes;  tem- 
peratures, 40°-i39°  fusing-point. 

(4)  Dimensions,  J"  x^"  x^"  ;  time,  14  minutes  ;  temperatures, 
6o°-i37°  fusing-point. 

(5)  Dimensions,  i^xi^x^V"?  time^  ten  minutes;  tem- 
peratures, 30°-i35°  fusing-point. 

Evidently  variation  in  thickness  within  these  limits  has  little 
effect  on  the  fusing-point. 

The  effect  of  even  higher  initial  temperature  was  shown  in  the 
following  experiments  on  the  same  material  as  in  (4),  with  the 
same  dimensions. 

(6)  Time,  eight  minutes  ;  temperatures,  50^-135°  fusing- 
point. 

(7)  Time,  nine  minutes  ;  temperatures,  70*^-135°  fusing-point. 
Specimen  2,  slightly  less  fusible  ;  same  dimensions  as  in  (4). 

(8)  Time,  six  minutes  ;  temperatures,  45^-138^  fusing-point. 

(9)  Time,  seven  minutes  ;  temperatures,  45°-i42°  fusing, 
point. 

Specimen  3,  byerlyte. 

(10)  Time,  twelve  minutes;  temperatures,  30*^-174*^  fusing- 
point. 

(11)  Time,  eleven  minutes;  temperatures,  40^-175°  fusing- 
point. 

A  series  of  fusing-points  were  taken  in  a  bath  maintained  at  a 
constant  temperature,  approximately  180°.  In  all  the  following 
determinations  the  specimens  were  one  inch  in  length  : 
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(12)  Same  material  as  in  (i)  ;  time,  six  minutes;  tempera- 
tures, 40^-130°  fusing-point. 

(13)  Specimen  4,  soft  byerlyte ;  time,   three  minutes;  tem- 
peratures, 2o°-95°  fusing-point. 

(14)  Same  starting  with  cold  bath  ;  time,  five  minutes  ;  tem- 
peratures, 2o°-95°  fusing-point. 

(15)  Same  as  (13);  time,  five  minutes  ;  temperatures,   35^-95** 
fusing-point. 

Specimen  5,  very  hard,  nail  made  no  impression. 

( 16)  Starting  with  cold  bath  ;  time,  ten  minutes  ;  temperatures, 
40^-142  ®  fusing-point. 

(17)  Same  as   (16);    time,   eight    minutes;    temperatures, 
50°-i45*  fusing-point. 

(18)  Same  as  (16)  and  (17),  bath  at  180®;  time,  four  minutes  ; 
temperatures,  45°-i43®  fusing-point. 

Specimen  6,  gilsonite  ;  hard,  slightly  indented  with  nail. 

(19)  Time,    three    minutes;  temperatures,  55^-100**  fusing- 
point. 

Same  starting  with  cold  bath  : 

(20)  Time,  four  minutes  ;  temperatures,  20^-97°  fusing-point. 
Same,  cold  bath  : 

(21)  Time,  four  minutes  ;  temperatures,  35^-98°  fusing-point. 
Specimen  7,  byerlyte,  hard,  indented  with  nail. 

(22)  Bath,  230°-24o*^ ;  time,  seventeen  minutes  ;  temperatures, 
50**-2i7*'  fusing-point. 

(23)  Time,  sixteen  minutes;  temperatures,  30^-214**  fusing- 
point. 

Specimen  8,  gilsonite,  brittle. 

(24)  Bath,  180*^;  time,  seven  minutes;  temperatures,  25^-150* 
fusing-point. 

(25)  Time,  six  minutes;  temperatures,  3o°-i47°  fusing-point. 
Specimen  9,  Trinidad  asphalt,  very  brittle. 

(26)  Bath,  180*^ ;  time,  three  minutes  ;  temperatures,  3o°-i05® 
fusing-point. 

(27)  Time,    four    minutes ;    temperatures,    40^-103**  fusing- 
point. 

Specimen  10,  Egyptian  asphalt,  very  brittle. 

(28)  Bath,  180°  ;  time,  three  minutes  ;  temperatures,  45 ^-^i** 
fusing-point. 
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(29)*  Time,  four  minutes ;  temperatures,  25*^-90®  fusing- 
point. 

Specimen  11,  hard  pitch,  brittle. 

(30)  Bath  180°;  time,  three  minutes;  temperatures,  30^-93** 
fusing-point. 

(31)  Time,  three  minutes;  temperatures,  50^-92**  fusing- 
point. 

The  substances  tested  in  this  examination  differ  widely  as 
shown  above  in  appearance  and  structure.  Some  are  very  brittle, 
others  are  tough  and  sectile.  It  is  interesting  to  note  that  the 
brittle  specimens  have  much  lower  fusing-points.  In  preparing 
the  specimens  from  the  sectile  products  it  is  easy  to  cut  the  sec- 
tion with  a  knife.  The  easier  way  to  prepare  specimens  from  the 
brittle  bodies  is  to  melt  a  portion  and  pour  the  proper  amount 
into  a  mold  of  wood  or  metal. 

Evidently  the  fusing-points  are  entirely  arbitrary,  depending 
on  the  size  of  the  constants,  so  that  by  varying  these  constants 
any  desirable  fusing-points  may  be  obtained.  But  it  is  quite 
clear  from  the  results  we  have  obtained  that  the  fusing-points 
obtained  with  any  constants  adopted  may  be  depended  on. 

The  use  of  a  hot  bath  as  shown  above  gives  the  same  values, 
and  it  saves  much  time  where  a  large  number  of  specimens  may 
have  to  be  tested. 

Inspection  of  the  results  given  above  shows  that  the  variation 
in  fusing-points  is  not  more  than  two  or  three  degrees  at  most, 
and  for  the  most  part  there  is  no  variation.  Probably  by  close 
attention  to  details  there  need  not  be  a  variation  of  more  than 
one  degree.  But  the  variations  of  two  or  three  degrees  is 
sufficiently  accurate  for  practical  application,  especially  as  com- 
pared with  determination,  such  as  that  alluded  to  above,  in  which 
the  specimen  is  melted  on  a  thermometer  bulb. 

With  reference  to  the  dimensions  of  the  specimens,  evidently 
the  length  of  the  proportion  projecting  on  either  side  of  the  sup- 
port must  not  vary  ;  but  any  slight  variation  in  the  thickness  or 
the  width  does  not  affect  the  results.  It  is  also  evident  that  the 
time  between  the  initial  and  fusing  temperatures  need  not  be 
rigidly  adhered  to. 

For  the  determinations  of  fusing-points  above  the  boilings 
points  of  liquid  baths,  an  air-bath  must  be  used. 


STUDIES  ON  SOLUTIONS  OF  TIN  SALTS. 


I.   ELECTRICAL  CONDUCTIVITY  OF  SOLUTIONS  OF  STANNOUS 

CHLORIDE  AND  HYDROCHLORIC  ACID. 

By  S.  W.  Youno. 
Received  October  94,  1900. 

THE  following  paper  contains  the  first  results  of  an  investiga- 
tion, which  I  hope  soon  to  carry  further,  into  the  static 
conditions  existing  within  solutions  consisting  of  water,  acid,  and 
stannous  salt,  as  well  as  the  influence  of  other  salts  on  such  con- 
ditions. I  hope  by  means  of  the  knowledge  thus  acquired,  to 
make  some  research  into  the  velocity  of  reduction  of  various  rea- 
gents by  stannous  chloride  solutions,  and  thus,  possibly,  throw  a 
little  light  on  some  of  the  existing  anomalies  in  the  field  of  chem- 
ical kinetics. 

For  example,  there  remains  still  unexplained  the  curious  fact 
observed  bj'  Noyes*  that  in  the  reduction  of  ferric  chloride  by 
stannous  chloride  the  order  of  the  reaction  is  apparently  displaced 
by  addition  of  hydrochloric  acid  from  one  of  the  third  order  to 
one  of  the  second. 

It  seems  to  me  that  up  to  the  present,  sufficient  attention  has 
not  been  directed  toward  the  strict  definition  of  the  reagents  in 
inorganic  investigations.  One  has  generally  been  contented  with 
determining  some  one  concentration  in  the  solution;  e,  g,,  hydro- 
gen ions,  or  with  working  at  great  dilutions  under  the  assump- 
tion that  all  of  the  reagent  was  dissociated,  and  that  no  other 
influences  were  present. 

In  many  cases  such  procedure  is  wholly  sufficient,  but,  as  for 
example  in  the  case  of  stannous  chloride  solutions  where  hydrol- 
ysis and  complex  molecule  formation  may  (and  do)  enter  in  as 
complicating  factors,  a  more  accurate  definition  of  the  reagent  is 
absolutely  necessary.  It  was  with  this  idea  in  mind  that  the  fol- 
lowing measurements  of  the  electrical  conductivity  of  solutions  of 
stannous  chloride  and  hydrochloric  acid  in  water  were  made. 

The  method  was  the  usual  one  of  Kohlrausch  with  Wheat- 
stone's  bridge  and  telephone.  The  little  apparatus  shown  in  Fig.  i 
served  as  the  conductivity  flask.     Since  the  measurements  ex- 

»  Ztschr.pkvs.  Chem..  16,  546  (1895). 
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tended  through  a  very  considerable  range  of  cx)ncentrations  it  was 
necessary  to  have  three  such  flasks  with  different  capacities,  the 
capacities  being  varied  simply  by  using  different  sized  glass  tu- 
bing for  the  U-shaped  parts  of  the 
flasks.  Measurements  were  made 
at  25®  C.  in  an  Ostwald  thermo- 
^^  ^^  Stat,  and  at  0°  C.  in  an  ice  ther- 

1  l/^^v  fS\        mostat.     The  conductivities  are 

V^  '^    calculated  as  specific  conductivi- 

ties in  reciprocal  ohms. 

The  solutions  were  prepared 
by  taking  a  100  cc.  measuring 
flask,  filling  it  to  the  mark  with 
hydrochloric  acid  of  accurately 
known  strength.  Roughly 
weighed  amounts  of  pure  crystal- 
lized stannous  chloride  were  then 
added,  brought  into  solution,  and 
the  liquid  made  up  to  105  cc. 
The  concentration  of  the  hydro- 
chloric acid  in  the  solution  was 
thus  {^%  of  that  of  the  acid  used. 
The  concentration  of  the  stannous  salt  was  readily  determined  by 
titration  with  standard  bichromate,  using  potassium  iodide  and 
starch  paste  as  indicator. 

Hydrochloric  acids  of  concentrations  varying  from  o.  25  normal  to 
nearly  8  normal  were  used.  With  each  acid  from  six  to  eight  differ- 
ent solutions  were  made,  varying  as  to  concentration  of  stannous 
chloride  from  zero  to  approximately  normal.  No  attempt  was 
made  to  prepare  solutions  that  were  exactly  normal,  0.5  normal, 
etc.,  because  of  the  somewhat  uncertain  composition  of  the  crys- 
tallized stannous  chloride  used.*  Following  (Table  I),  are  the 
tabulated  results  of  the  series  of  measurements  at  25°  C.  The 
first  columns  contain  the  concentrations  of  stannous  chloride  in 
gram  equivalents  per  liter  ;  the  second  columns  contain  the  val- 

1  A  beautifully  white,  crystallized  stannous  chloride,  which  dissolved  perfectly  in  pure 
water  when  the  solution  was  not  made  too  dilute,  and  whose  hydrolyzed  solutions  cleared 
up  immediately  upon  the  addition  of  a  few  drops  of  acid,  was  obtained  from  Kahlbaum. 
The  salt  showed  a  distinct  tendency  to  effloresence,  and  from  analyses  showed  itself  to  be 
nearly  free  from  impurity. 


Fig.  I. 
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nes  of  the  specific  conductivities  in 


ohms 


X  10*  ;  the  third    col- 


umns contain  the  values  -^^^^ ,  i,  e.,  the  change  in  the  con- 


Cs 


nCl 


ductivity  as  a  result  of  addition  of  stannous  chloride,  and  calcu- 
lated to  the  unit  of  concentration.  A  minus  sign  indicates  a 
decrease  of  the  conductivity,  a  plus  sign  an  increase. 

Tabi^bI. — CoNDTJcrrvrTY  of  Soi^utions  of  Stannous  Chi/>ridk  in  Aque- 
ous Hyd&ochi/^ric  Acid  at  25^  C. 


With  i  nonuAl  HCl.i 


With  \  normal  HCl. 


With  I  normal  HCl. 


2 

* 

AK  X  zo4        SnCl« 
10*.         C                  2 

AKxio^  ^  SnCl« 

AK  X  io«. 

KX 

K  X  10*. 

C 

•~      2          KXio*. 

C 

0.000 

900.3        ....           0.000 

1738 

a  •   .   . 

0.000        2045 

. . .  • 

0.0605 

914.7     -I-238          0.061 

1738 

.  .   •  • 

0.063        2045 

00 

O.I180 

929.0     -I-243          0.122 

1740 

4-16 

o.iii       2045 

00 

O.1810 

946.4     4-255          0.247 

1746 

4-32 

0.238        2045 

00 

0.2490 

960.5      4-242          0.366 

1751 

+  36 

0.391        2045 

00 

0.3125 

977.4      +247          0.465 

1756 

+39 

0.607        2040 

-8 

0.5830 

1041 

[.0     4-243          0.575 

1759 

+37 

0.920        2032 

—14 

1. 1050 

1123.0     4-202           1.045 

1794 

4-46 

••••         ••«■ 

•  •  •  • 

With  1  normal  UCl.                      With  normal  HCl. 

With  i|  normal  HCl. 

.  SnCl, 

^2        K  X  io«. 

AK  X  io«          SnCl«                    AK  X  lo* 
C                     2        KXio*.         C 

SnCl. 

2     *  K  X  io«. 

AKXio* 
C 

0.000 

2495 

0,000 

3205 

0.000       3860 

0.058 

2493 

—34.5          0.013 

3202 

-231 

0.066       3848 

182 

0.1 19 

2489 

—50.0          0.053 

3190 

-283 

0.192       3827 

172 

a  240 

2479 

— 64.0         O.IOO 

3187 

-180 

0.310       3805 

—177 

0.345 

2473 

—64.0      0.3125 

3157 

-157 

0.475       3782 

— 164 

0.475 

2462 

—70.0       0.4950 

3128 

-155 

0.665       3748 

-169 

0.585 

2457 

— 65.0       0.700 

3107 

—140 

0.990       3700 

-162 

0.990 

2425 

—70.0        1. 000 

3093 

--117 

•••■         ••■• 

Withi 

1  normal  HCl.                ^With  a 

normal  HCl. 

With  2\  normal  HCl. 

SnCl, 
c •   . 

2 

AK  X  10*     ^  SnCls 

c      ^      2   •  ] 

AKXio* 

SnCl, 

2        K  X  10*. 

AKXio* 

KXio*. 

KXlo*. 

C 

C 

0.000 

4447 

0.000 

5478 

0.000       6330 

0.070 

4429 

—257          0.073 

5456 

—301 

0.064       6305 

390 

0.195 

4408 

—200          0.182 

5434 

—242 

0.178       6262 

-380 

0.300 

4389 

—193          0.305 

5401      - 

-250 

0.280       6244 

-307 

0.465 

4357 

-193          0.485 

5352 

—260 

0.455       6205 

—272 

0.615 

4332 

—187          0.660 

5316 

-245 

0.635       6152 

—280 

1. 010 

4249 

—196          0.988 

5226 

-254 

0.995       6053 

-278 

1  These  figures  indicate  the  strength  of  the  acid  used  in  i 

making  the  solutions  and  are 

to  be  multiplied  by  \%%  in  order  to  get  actual  concentration  in  the  solution  as  prepared. 

■ 
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With 

3  normal  HCl. 

With  4.28  normaUHCl. 

With  7.7 

normal  HCl. 

2 

K  X  10*. 

C 

^  SnCl, 

^2         K  X  io«. 

AK  X  10* 
C 

^SnCl, 

2 

AK  X  10* 
X 10*.       C 

o.ooo 

6985 

0.000        8050 

0.000 

8250        

0.065 

6963 

-336 

0.060        8032 

—300 

•  •  •  « 

0.192 

6916 

-360 

O.I5I        7997 

— 35t 

•       •  • 

0.300 

6882 

-343 

0.236        7971 

-336 

•  •  •  • 

0.420 

6850 

—321 

0-415        7907 

—340 

t  •   •  • 

0.580 

6803 

-314 

0.560       7866 

—327 

•  •  •  • 

0.995 

-6686 

—300 

0.885        7741 

—349 

0.985 

7854        —402 

In  Table  II  are  collected  the  results  of  an  exactly  similar  set  of 
measurements,  carried  out  at  0°  C.  In  this  set  of  observations 
only  four  concentrations  of  stannous  chloride  for  each  concentra- 
tion of  hydrochloric  acid  were  used,  and  some  concentrations  of 
hydrochloric  acid  measured  at  25°  C.  were  omitted  from  this  set. 


Tabi«b  II.— Conductivity  of  Solutions  of  Stannous  Chi^oridb  in 

Aqueous  Hvdrochi,oric  Acid  at  o®  C. 


with  k  normal  HCl. 

With 

4  normal  HCl. 

With  normal  HCl. 

c  8"".. 

2 

AKXio« 
K  X  10*.         C 

p   SnCl, 
^       2     • 

KXio*. 

AKX  10* 
C 

SnCl, 

2     *   KXio*. 

AK  X  xo«. 
C 

0.000 

580.1         

0.000 

III7 

•  •  •  • 

0.000       2074 

•   •  •  • 

0.272 

620.0        -f  147 

0.295 

II26 

+30 

0.449       2032 

93 

0.655 

664.9        +130 

0.745 

"34 

+a3 

0.770       2009 

-84 

1.045 

701.3      -fii5 

1. 165 

II4I 

+21 

1.090        I981 

-76 

With 

2  normal  HCl. 

With  3  normal  HCl. 

With  4  normal  HCl. 

c  «"^^. 

2 

AK  Xio« 
K  X  10*.        C 

^  SnCl, 

2 

KXio*. 

C 

P  SnCla 

2         K  X  io«.  AK  X  io«. 

0.000 

3545       

0.000 

4535 

•  •  •  • 

0.000       5160 

•  •  •  • 

0.290 

3500      —155 

0.327 

4482 

i6o 

0.293        5095 

—222 

0.690 

3432      —164 

0.710 

4404 

—184 

0.670       5010 

—224 

1.005 

3378      -166 

1.035 

4341 

-188 

0.965      4939 

— 229 

With  5.79  normal  HCl. 

^  SnCU 

2 

AK  X  lo< 

K  X  10*. 

C 

0.000 

5600 

•  •  •  • 

0.290 

5509 

313 

0.660 

541 1 

— 290 

1.025 

5293 

—301 

In  Table  Ilia,  is  given  a  summary  of  the  results  given  in  Table 
I  for  normal  solutions  of  stannous  chloride.  In  the  first  column 
are  the  concentrations  of  the  hydrochloric  acid  used  in  making 
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Up  the  solutions;  in  the  second  column  the  conductivities  in 

-T- —   X  10*  for  solutions  containing  no  stannous  chloride;  in  the 

third  column  the  corresponding  values  for  solutions  whose  con- 
centrations in  stannous  chloride  were  approximately  normal ;  in 
the  fourth  column  the  differences  of  the  first  two  columns  divided 
by  the  actual  concentration  of  the  stannous  chloride  (always  very 
near  to  normal)  ;  /.  ^.,  the  equivalent  influefice  of  stannous  chloride 
upon  the  conductivity  of  hydrochloric  acid  solutions ;  in  the  fifth 
columns  the  same  values  calculated  in  percentages  of  the  conduc- 
tivity of  the  pure  hydrochloric  acid  solution. 

Table  III^  contains  the  same  results  for  the  measurements  at 
o**C. 

Table  IIIa.--SuMMARY  of  Values  of  Changes  in  Conductivity  of 
Hydrochloric  Acid  by  Normal  Stannous  Chloride  at  25^  C. 


K  X  10*. 

K  X  lo*. 

AK  X  io« 

Chcu 

SnCla  —  0. 

SnCl«  =»'  N. 

Cn 

Per  cent. 

0.25  N 

900.3 

1 123 

-1-202 

+22.44 

0.50 

1738 

1794 

+  46 

+  2.17 

0.60 

2045 

2032 

13 

—  0.60 

0-75 

2495 

2425 

—  70 

—  2.81 

1. 00 

3205 

3093 

117 

—  3-64 

1.25 

3860 

3700 

—162 

—  4.20 

1.50 

4447 

4249 

—  196 

—  4.41 

2.00 

5478 

5226 

254 

—  4.50 

2.50 

6330 

6053 

—278 

—  4.40 

3.C0 

698s 

6686 

—300 

-  4.35 

4.28 

8050 

7741 

349 

—  4.02 

7.70 

8250 

7854 

—402 

—  4.81 

Table  III^.  Corresponding 

Values  at  0® 

C. 

K  X  10*. 

K  X  10*.' 

A  K  X  io« 

Chci. 

SnCls  =s  0. 

SnCl,  =  N. 

Cn 

Per  cent. 

0.25  N 

580.1 

701.3 

115 

+  19.82 

0.50 

III7 

II41 

+  21 

+  1.85 

1. 00 

2074 

I981 

-76 

—  3.67 

2.00 

3545 

3378 

—166 

—  4.68 

3.00 

4535 

4341 

188 

4.14 

4.00 

5160 

4939 

—229 

4.44 

5.79 

5600 

5293 

—301 

•   -  5.38 

The  following  curves  will  make  the  relationships  between  the 
values  given  in  the  tables,  somewhat  more  readily  comprehensible. 
In  the  set  of  curves,  Fig.  2,  are  plotted  as  abcissas,  the  concen- 
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trations  of  hydrochloric  acid,  and  as  ordinates  the  changes  in  the 
conductivity,  brought  about  by  the  addition  of  stannous  chloride. 
The  curve  with  continuous  line  is  for  normality  in  stannous 
chloride,  at  25°  C.  ;  the  curve  with  dotted  line  is  for  normality  in 
stannous  chloride  at  0°  C.  In  the  set  of  curves,  Fig.  3,  are  the 
same  values  calculated  to  percentages. 

'  DISCUSSION  OF  THE   RESULTS. 

The  method  of  determining  variations  in  the  electrolytic  con- 
ductivity of  mixed  electrolytes  as  a  test  for  the  formation  of 
molecular  complexes  in  such  solutions,  is  by  no  means  new. 
Thus,  Peters*  measured  the  conductivities  of  solutions  of  ferrous 
and  ferric  salts,  and  the  influence  of  sodium  fluoride  upon  the 
same.  From  the  results  of  his  work,  he  concludes  that  complex 
molecules  are  formed  in  the  case  mentioned,  and  the  conclusion 
is  supported  by  measurements  of  freezing-points,  transference 
numbers,  and  electromotive  forces. 

Also  the  idea,  that  solutions  of  stannous  salts  containing  excess 
of  acid  were  prone  to  form  complex  molecules  in  solution,  is  not 
new.  From  the  great  increase  in  the  solubility  of  stannous 
chloride,  in  solutions  of  increasing  concentration  of  hydrochloric 
acid,  Engel'  concluded  that  in  such  solutions,  the  formation  of 
complex  molecules  occurred.  In  previous  papers  by  me,'  a 
similar  condition  was  shown  to  exist  for  stannous  iodide  and 
hydriodic  acid,  and  it  was  further  shown  that  at  moderately  low 
temperatures,  a  compound,  probably  Snl^HI,  cr>'stallizes  out 
from  solutions  not  too  dilute  in  hydriodic  acid. 

That  a  reduction  of  the  total  conductivity  of  the  solution  to  a 
point  far  beyond  what  is  to  be  expected  from  any  theory  of 
mixed  electrolytes,  occurs  upon  the  addition  of  stannous  chloride 
to  moderately  concentrated  hydrochloric  acid  solutions,  is  very 
definitely  proved  by  the  above  measurements.  By  reference  to 
Table  Ilia,  it  will  be  seen  that  the  addition  of  stannous  chloride, 
to  normality,  to  a  0.25  normal  solution  of  hydrochloric  acid,  con- 
ditions an  increase  of  conductivity  of  202  units.*     Neglecting  the 

1  Zeit.phys.  Chem.,  a6,  193  (1898). 

*  Ann.  chim.phys.,  17,  338  (1889). 

8  This  Journal,  19,  845  and  851  (1897). 

*  It  is  quite  possible  that  this  number  is  too  low  from  some  experimental  error 
(£./.  Table  I).  It  maybe  mentioned  here,  in  passing,  that  what  little  evidence  is  at  hand, 
seems  to  indicate  that  the  hydrolysis  constant  of  stannous  chloride,  is  a  fairly  large  one, 
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influence  of  this  concentration,  of  hydrolysis,  molecular  complex 
formation,  and  of  variations  from  the  fact  that  the  solutions  are 
not  isohydric,  we  can  get  a  very  rough  idea  of  the  magnitude  of 
the  conductivity  of  stannous  chloride  in  normal  solution,  the 
value  being  202,  a  number  of  a  magnitude  comparable  with  the 
corresponding  value  for  cadmium  bromide  (  about  200) ,  or  cadmium 
chloride  (about  230) .  When  o.  5  normal  hydrochloric  acid  is  used, 
the  increase  is  only  46  units.     With  0.6  normal  acid  there  occurs 

a  small  reduction  f  — 13—  X  10*  or  0.6  per  cent,  j .  With  stron- 
ger acids  a  reduction  in  the  conductivity  always  occurs  which  be- 
comes larger  as  the  strefigth  of  the  acid  increases.  The  conduct  at 
0°  C.  (Table  lllb)  is  wholly  analogous  to  that  at  25**  C.  A 
curious  thing  is  to  be  noticed  in  Fig.  3.  The  percentage 
influence  of  normal  stannous  chloride  on  hydrochloric  acid 
solutions  of  increasing  concentration  shows  a  maximum  at  about 
double  normal  hydrochloric  acid.  From  this  point  on,  the  per- 
centage influence  decreases  to  a  minimum  at  about  4  normal  hydro- 
chloric acid  at  25**  C,  and  at  about  3  normal  hydrochloric  acid  at 
0°  C.  From  these  minimum  points  on,  the  percentage  influence 
again  increases  with  increasing  concentration  of  hydrochloric 
acid.  The  counterpart  of  this  peculiarity  is  to  be  distinctly 
seen  in  Fig.  2.  In  the  curve  for  25°  C,  it  appears  as  a 
mere  flattening  of  the  curve,  while  in  the  curve  for  0°  C,  an 
actual  change  in  the  direction  of  curvature  is  to  be  seen.  As  to 
the    physical    significance    of   these  peculiarities,   perhaps  the 

and  that  a  very  considerable  degree  of  hydrolysis  occurs  even  in  moderately  acid  solutions 
of  the  salt.  It  is  further  quite  probable  that  the  hydrolysis  is  a  reaction  requiring  a  very 
considerable  amount  of  time  for  its  completion.  3oth  of  these  statements  are  rendered 
likely  from  the  results  of  the  following  experiment :  A  0.2  normal  solution  of  hydrochloric 
add  was  taken,  and  to  it,  some  stannous  chloride  was  added.  The  solution  was  then  placed 
in  the  conductivity  flask  (Pig.  i),  and  placed  in  the  thermostat  at  25^^  C.  The  conductivity 
measured  immediately  .was  843.7.  After  twenty-five  minutes  it  was  850,  after  sixty-five  min- 
utes 85a ;  and  after  1 100  minutes,  870.4.  This  increasing  conductivity  can  easily  be  explained, 
as  due  to  progressing  hydrolysis.  The  solution  remained  clear  throughout  the  whole  time. 
That  the  phenomenon  was  not  due  to  oxidation,  is  indicated  by  the  fact  that  a  similar  ex- 
periment with  stronger  acid  (0.5  normal)  gave  constant  readings  for  twenty-four  hours.  It 
was  also  observed  that  rather  concentrated  solutions  of  stannous  chloride  have  the  power  of 
dissolving  very  considerable  quantities  of  hydrolyzed  stannous  chloride  (oxychloride). 
Thus  it  appears  probable  that  stannous  chloride  may  become  hydrolyzed  to  a  very  consider- 
able extent  without  separation  in  an  insoluble  form  of  oxychloride.  This  probability  is 
rendered  greater  by  evidence  derived  from  a  study  of  the  oxidation  of  stannous  chloride 
to  be  published  in  a  subsequent  paper.  If  true,  the  fact  would  have  an  important  bearing 
on  the  work  of  Noyes,  "Onthe  Reduction  of  Ferric  Chloride  with  Stannous  Chloride" 
{q.v.).    The  whole  matter  of  hydrolysis  will  be  made  the  subject  of  a  special  investigation. 


simplest  and  most  satisfactory  explanatioD  would  be  to  assume 
that  in  stannous  chloride  and  hydrochloric  acid  solutions,  there 
are  two  distinct  kinds  of  molecular  complexes  formed.  For 
example,  at  low  concentrations,  we  may  assume  that 
the  equilibrium,  SnCl, -f  HClH  HSnCI,,  plays  the  chief 
rdle,  while  at  high  concentrations,  the  equilibrium 
H.SnCl,  +  HCl  m  HjSnCl,  (or  some  similar  one)  becomes 
moie  and  more  noticeable.  In  other  words,  we  may  have  two 
equilibria,  one  very  sensitive  to  dilution,  the  other  very  consider- 
ably less  sensitive.  Plotting  these  conditions  graphically  for  the 
two  equilibria  independently  of  one  another,  iu  such  a  way  that 
the  ordinates  represent  the  concentration  of  the  dissociated  part 
(left-hand  members  of  the  above  equations)  and  abscissas  either 
the  total  concentrations  or  undissociated  concentrations,  we  should 
get  curves  similar  to  those  in  Fig.  4,    a  being  for  the  more  sensi- 
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tive,  and  b  for  the  less  sensitive  equilibrium.  Then  let  cd  repre- 
sent the  zero  concentration  for  the  dissociated  part  of  the  first 
equilibrium  and  e/t\i2X  of  the  second.  Then  for  the  first  curve 
there  will  be  a  point  K'  where  the  influence  of  the  second  equi- 
librium will  become  measurably  large  and  a  similar  point  K" 
where  the  measurable  influence  of  the  first  reaction  will  become 


Fig.  4. 

constant  because  one  component  (in  the  conditions  of  the  above 
experiments  the  free  stannous  chloride)  will  have  ceased  to  exist 
in  the  solution.  Between  K'  and  K"  will  be  a  field  where  both 
condensation  products  (in  this  case  assumed  to  be  HSnCl,  and 
HjSnCl^)  will  be  measurably  removed  from  complete  dissociation 
and  from  complete  association.  In  this  field  the  condition  will  be 
a  resultant  of  the  two  equilibria,  dependent  upon  the  values  of 
the  two  equilibrium  constants.  The  path  of  the  curve  between 
K'  and  K"  could  be  determined  if  these  two  constants  were 
known.  If  we  consider  that  the  reduction  of  the  conductivity  of 
such  solutions  is  even  qualitatively  a  measure  of  the  degree  of 
association  we  get  a  very  simple  explanation  of  the  above- 
mentioned  peculiarities.  Further,  also,  we  get  an  explanation  of 
the  fact  that  the  abnormal  course  of  the  curve  is  more  marked  at 
0°  C.  than  at  25^  C.  if  we  assume  that  the  equilibrium  which  is 
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more  sensitive  to  dilution  is  also  more  sensitive  to  temperature 
changes  {i.  e.,  has  a  greater  heat  of  reaction).  In  this  case  the 
association  consequent  upon  reduction  of  temperature  will  be 
greater  in  the  case  of  the  first  equilibrium  than  in  the  second  and 
the  cur\''es  (Fig.  4)  will  take  on  more  of  the  form  shown  in  the 
dotted  lines  and  the  buckle  in  the  curve  will  be  sharper. 

It  may  be  .  mentioned  that  the  above  considerations  are  in  no 
way  in  disaccord  with  the  general  principles  of  equilibrium.  No 
assumption  is  made  that  the  two  equilibria  are  independent  of 
one  another,  but  merely  that  at  great  dilutions,  the  influence  of 
the  one,  and  at  small  dilutions  the  influence  of  the  other,  becomes 
insignificant.  It  is  by  the  same  assumption  that  we  neglect  the 
influence  of  hydrolysis  in  moderately  acid  solutions  of  most  salts. 

In  the  above,  the  assumption  is  made,  for  sake  of  illustration, 
that  the  two  equilibria  in  the  solutions  are  represented  by  the 
two  equations : 

HCl  +  SnCl  !n  HSnCU  ( i ) 

and  .^_^ 

HCl  +  HSnCl,  Zl  IJ,SnCl,.  (2) 

It  may  be  stated  that,  so  far  as  the  work  has  gone  at  present, 
there  is  no  particular  evidence  that  this  assumption  is  well  founded. 
All  the  evidence  that  we  really  have  as  to  the  probable  com- 
position of  these  molecular  complexes,  comes  from  our  knowl- 
edge of  the  molecular  complexes  that  are  known  to  exist  in  the 
solid  state,  such  asEngel's  (1.  c.)  SnCl,.HC1.3H,0,  iodostannous 
add,  HSnlg,  and  the  various  double  salts  of  tin,  and  we  have  really 
no  ground  for  assuming  that  the  complexes  that  exist  in  solution, 
stand  in  any  fixed  or  simple  relation  to  those  that  exist  in  the 
solid  state.  Only  further  investigation  will  be  able  to  clear  up 
these  points. 

THE  INPI^UKNCE  OP  POTASSIUM   CHLORIDE. 

The  following  measurements  were  made  with  the  view  of  gain- 
ing some  idea  as  to  the  relative  tendencies  of  potassium  chloride 
and  hydrochloric  acid  to  form  molecular  complexes  with  stannous 
chloride.  The  difl&culties  of  calculation  of  this  influence  from 
conductivity  data  are,  as  will  be  seen,  very  considerable. 

In  Table  YWa  are  given  measurements  of  the  conductivities  of 
solutions  of  stannous  chloride  in  solvents  which  were  always  0.5 


32 


S.    W.    YOUNG. 


normal  in  hydrochloric  acid  and  of  varying  concentrations  as  to 
potassium  chloride.  In  Table  IV3  are  similar  measurements  for 
solvents  of  normal  concentration  in  hydrochloric  acid  and  variable 
potassium  chloride.  Table  V  contains  a  summary  of  values  from 
these  two  tables  for  normality  in  stannous  chloride. 


TabI,E  IVa.    INFLUENCK  OP  KCl. 

RBSUI.TS  withJ  Normai.  HCl. 


\  normal  KCl 

I  normal  KCl 

• 

SnCl,. 

AKxio« 

^SnCl. 

2 

AKx  io4 

2 

Kx  io4. 

C 

K  X  io4. 

c 

o.ooo 

1871 

0.000 

2152 

.... 

0.0255 

1868 

—117 

0.066 

2146 

— 9^ 

0.058 

1866 

—86 

0.200 

2144 

—40 

0.147 

1874 

-f20 

0.328 

2142 

—35 

0.312 

1878 

+  21 

0.430 

2I4I 

-.26 

0.488 

1879 

+  16 

0.565 

2138 

25 

1.045 

1898 
Normal  KCL 

+  26 

1. 015 

2132 

2  normal  HCl. 

— 20 

^SnCl. 
2 

AK  X  10* 

^SnCl. 

2 

AK  X  io« 

K  X  i(j*. 

c 

K     10*. 

C 

0.000 

2498 

0.000 

3285 

0.037 

2493 

-135 

0.032 

3275 

—312 

0.0535 

2490 

—149 

0.057 

3266 

—333 

O.I 140 

2478 

—175 

0.165 

3251 

— 210 

0.1265 

2477 

-167 

0.296 

3228 

—190 

0.2520 

2473 

—99 

0.465 

3200 

—180 

0.5050 

2455 

-79 

0.770 

3147 

-178 

^.SnClt 
2 

0.000 

0.062 

0.174 

0.293 

0.438 

0.565 
0.978 


Tabi,e  IV^,  Influence  of  KCl. 

RESUI.TS  WITH  NORMAI,  HCl. 


^  normal  KCl. 


K  X  10*. 
3324 

33" 
3295 
3-83 
3265 

3247 
3199 


A  K  X  io« 


— 210 
—166 

—  140 

—135 
—136 

—  126 


,SnCla 

2 

0.000 
0.061 
0.158 
0.276 
0.405 
0.560 
0.980 


i  normal  KCl. 

Ai      I  I 


K  X  io4. 

3485 

3473 
3459 
3442 
3420 

3398 
3339 


A  K  X  io4 


—197 
-165 

—  155 
—160 

—154 

—149 
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Normal  KCl.  2  nomutl  KCl. 


SnOt                                       AKio*            ^SnCl,  AK  X  10* 

^~^ — •             KXio*.           — c —              — 2 —            K  X  10*.  Q • 

0.000     3758      o.coo      4437  

0.062     3741      —274     o.o6i     4419  —295 

0.1 16       3731       —233       0.148       4398  —264 

0-235       3714       —187       0.270       4368  —255 

0398       3684       —186       0.387       4336  —260 

0-590       3649       —184       0.585       4292  —247 

i.ooo            3571             —187             1.005            4193  —244 
Tabi«b  v.    Summary  ok  Results  with  KCl  for  Normal  SnCl,. 

I  normal  HCl. 

, ^ , 

K  X  10*.  K  X  lo*.  AKXio* 

CkCI.              SnCls^o.          SnCl«  =  N.          q        "  Percent. 

0.25  N              1871                  1898                 +  26  -I-I-39 

0.50                  2152                  2132                 —  20  — 0.93 

1.00                  2498                  2455                 —  79  —3.16 


2.00  3285  3147  —178  —5-42 


--.It 


Normal  HCl. 


_  K  X  10*.  K  X  10*.  AK  X  10* 

CkCI.  SnClf  =  o.  SnCl«  =  N.         — qII       *  Per  cent. 

0.25  N  3324  3199  —126  —3-82 

0.50  3485  3339  —149  —4.33 

i.oo  3758  3571  —187  —4.98 

2.00  4437  4193  —244  —5.50 

An  inspectioii  of  these  results  discloses  a  distinct  tendency 

for  the  values  of ^ to  decrease  with  C  (the  concentration 

of  stannous  chloride).  This  is  also  noticeable  in  the  results  for 
hydrochloric  acid  alone,  although  in  a  much  less  degree.  So 
small  is  the  variation  in  those  results,  that  it  might  be  considered 
within  the  experimental  error.  In  the  results  with  potassium 
chloride,  the  variations  are  more  marked,  and  although  the  values 

of p at  3mall  concentrations  of  stannous  chloride  are  sub- 
ject to  great  error,  nevertheless,  the  perpetual  recurrence  of  these 
variations  in  all  sets  of  measurements,  and  in  the  same  direction, 
would  seem  to  indicate  that  they  are  not  wHolly  experimental. 
Particularly  noticeable  is  this  variation  in  the  case  of  0.5  normal 
hydrochloric  acid,  and  0.25  normal  potassium  chloride,  where  at 
small  concentrations  of  stannous  chloride,  a  reduction  of  the  con- 
3-23 
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ductivity,  at  larger  concentrations  an  increase  in  conductivity, 
occurs.  Since  the  variable  factors  in  such  solutions  are  so 
numerous,  one  might  formulate  a  half  dozen  explanations  of  these 
peculiarities,  which  would  be  a  process  of  very  little  value. 
However,  it  is  to  be  expected  from  the  general  ideas  of  equilib- 
rium that  the  reduction  of  conductivity  per  unit  of  concentration 
of  stannous  chloride  would  be  a  quantity  which  would  decrease 
with  increasing  concentration. 

^K  X  lo* 
When  we  come  to  compare  the  values  of  ^:r-i — ;:?^  for  these 

C(=N) 

solutions  (Table  5)  in  -t^'s  and  in  percentages,   with  those  for 

hydrochloric  acid  alone  (Table  Ilia),  we  find  difiiculty  in 
deciding  upon  a  basis  for  this  comparison. 

Probably  as  satisfactory  a  method  as  any  will  be  to  compare  the 
percentage  effects  of  addition  of  stannous  chloride  to  solvent  con- 
taining the  same  concentration  of  chlorine.  Thus  the  percentage 
change  on  adding  stannous  chloride  to  normality  to  a  solution  of 
0.75  normal  hydrochloric  acid  is  —  2.81  per  cent.,  and  to  a  0.25 
normal  KCl.  0.5  normal  HCl  the  change  is  +i-39  ;  for  a  normal 
hydrochloric  acid,  —  3.64  per  cent.;  for  a  0.5  normal  KCl.  0.5 
normal  HCl,  —  0.93  per  cent. ;  for  a  1.5  normal  hydrochloric  acid, 

—  4.41  per  cent.;  for  a  normal  KCl.  0.5  HCl,  —  3. 16 per  cent.; 
for  2.5  HCl,  —  4.40  per  cent.;  2  normal  KCl.    0.5   normal  HCl, 

—  5.42  percent.  With  the  results  for  normal  hydrochloric  acid 
and  potassium  chloride  we  find  :  for  1.25  normal  HCl.  —  4.20  per 
cent.;  for  normal  HCI.0.25  KCl,  — 3.82  per  cent.;  for  1.5  nor- 
mal HCl,  — 4.41  per  cent.;  for  normal  HCl.  0.5  KCl,  —  4.33  per 
cent.;  for  2  normal  HCl,  —  4.50  percent.;  for  normal  HCl. 
normal  KCl,  —  4.98  per  cent ;  for  3  normal  HCl,  —  4.35  per 
cent ;  for  normal  HCl. 2  normal  KCl,  —  5.5  per  cent. 

By  this  method  of  comparison,  it  would  seem  that,  at  small 
concentrations,  the  influence  of  potassium  chloride  was  less  than 
that  of  hydrochloric  acid,  but  that  it  increases  more  rapidly  with 
the  concentration,  and  exceeds  that  of  hydrochloric  acid  at 
greater  concentrations.  In  this  connection,  it  is  to  be  said, 
however,  that  this  method  of  calculation  is  sure  to  give  results 
favoring  the  greater  influence  of  hydrochloric  acid,  particularly 
at  small  concentrations  of  potassium  chloride,  since  under  these 
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circumstances  the  larger  part  of  the  conductivity  is  due  to  hydro- 
chloric add,  and  although  the  influence  of  the  small  quantity  of 
potassium  chloride  might  be  relatively  large,  it  would  still  show 
as  but  a  small  percentage  of  the  whole  conductivity.  I  have  also 
calculated  the  influence  of  potassium  chloride  by  one  or  two  other 
methods  which  may  be  considered  as  rough  approximations,  and 
have  invariably  found  that  at  least  at  high  concentrations 
potassium  chloride  seems  to  act  more  strongly  in  producing 
molecular  complexes  than  does  hydrochloric  acid.  The  whole 
point  might  be  easily  settled,  if  we  could  prepare  isohydric 
solutions  of  stannous  chloride,  hydrochloric  acid,  and  potassium 
chloride.  The  trouble  is  however  that,  apart  from  the  inter- 
ference of  hydrolysis  in  stannous  chloride  solutions,  we  have  at 
present  no  means  of  telling  what  solution  of  stannous  chloride 
would  contain  chlorine  ions  at  the  same  concentration  as  a  given 
solution  of  hydrochloric  acid.  This  might  be  determined  by 
measurements  of  electromotive  force,  but  I  have  not  as  yet  been 
able  to  devise  a  method  for  this  purpose  that  works  satisfactorily 
with  stannous  chloride.  Silver  and  silver  chloride  electrodes  will 
not  work,  because,  although  silver  chloride  is  not  noticeably 
reduced  by  stannous  chloride,  nevertheless  the  reduction 
potential  between  them  is  easily  measurable  and  prevents  the 
use  of  such  an  electrode  for  the  determination  of  the  concen- 
tration of  chlorine  ions. 

The  above  data  on  the  influence  of  potassium  may  now  be 
applied  without  very  serious  objection  to  the  determination  of  the 
relative  influence  of  other  salts  of  about  the  same  equivalent 
conductivity  and  degree  of  dissociation,  as  for  example  sodium 
chloride,  bromide,  or  iodide,  and  potassium  bromide  or  iodide.  A 
few  measurements  were  made  to  determine  the  influence  of 
potassium  iodide.     The  results  are  as  follows  : 

Normal  potassium  iodide  +  0.5  normal  hydrochloric  acid  gave 
without  stannous  chloride  a  conductivity  of  2633. 

On  addition  of  stannous  chloride  to  0.09  normal  the  conductivity 

JK  X  10* 
fell  to  2594,  which  gives ^ =   —  433.      Potassium  chlo- 

^K  X  10* 
ride  under  the  same  circumstances  gave p^ =  —  175. 

A  further  addition  of  stannous  chloride  to  the  above  solution 
caused  separation  of  red  stannous  iodide  in  solid  form. 
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A  second  set  of  measuremeots  carried  out  with  0.5  normal 
KI  +  4  normal  HCl  gave  : 

pSnCli  AKXio* 

a     •  KXio*.  C       • 

0.000  7918  

O.I  19  7866  —433 

0.304  7785  —435 

0.950  7515  —424 

These  values  are  considerably  greater  than  for  hydrochloric 
acid  alone  of  4.28  normal  concentration  ;  viz.y  —  330  to  —  350, 
and  they  are  noticeably  greater  than  the  values  for  even  hydro- 
chloric acid  of  7.7  normal;  viz,,  —  402.  It  is  hoped  soon  to  in- 
vestigate this  field  more  thoroughly. 

From  the  results  of  the  foregoing  measurements  we  may  con- 
sider the  following  conclusions  as  probable  : 

(i)  Stannous  chloride  and  hydrochloric  acid  form  molecular 
complexes  in  solution,  the  formation  of  such  complexes  increasing 
with  the  concentration. 

(2)  In  so  far  as  reduction  of  electrical  conductivity  may  be 
taken  as  a  measure  of  such  association,  evidence  is  shown  of  the 
existence  of  two  distinct  forms  of  association,  one  being  consider- 
ably more  sensitive  to  dilution  than  the  other  ;  /.  e, ,  having  a 
larger  dissociation  constant. 

(3)  Potassium  chloride  shows  a  greater  power  of  association 
at  large  concentrations  than  does  hydrochloric  acid,  and  it  is 
quite  probable  that  the  same  will  be  found  to  be  true  at  lower 
concentrations  also. 

(4)  From  what  evidence  is  at  hand,  potassium  iodide  shows  a 
still  greater  influence  in  the  direction  of  forming  complex  sub- 
stances in  solutions  of  stannous  chloride.  This  is  in  keeping  with 
the  well-known  behavior  of  iodides  in  forming  double  salts. 

It  has  been  my  pleasure  to  have  carried  out  the  above  investi- 
gation in  the  laboratory  of  the  Physical-Chemical  Institute,  at 
Leipzig.  I  wish  to  take  this  opportunity  to  thank  the  director 
of  the  institute,  Prof.  Ostwald,  and  the  assistants  in  the  insti- 
tute, especially  Drs.  Bredig  and  Luther,  for  the  kindly  con- 
sideration and  timely  suggestions  which  they  gave  me  during 
my  all  too  brief  stay  at  Leipzig. 

Stanford  UNrvBRSixY,  October  17,  1900. 
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I .    PURPOSE  OP  THE  INVESTIGATION. 

AS  has  been  frequently  pointed  out,  the  dissociation  of  tri- 
ionic  salts,  such  as  potassium  sulphate  and  barium  nitrate, 
like  that  of  most  dibasic  acids,  might  well  be  expected  to  take 
place  in  the  two  stages  expressed  by  the  following  equations  : 

E;S0,  r:l  K"  +  KSO/,  and  KSO;  n  K-  +  SO/' ; 

Ba(NO,),  ri  BaNO/  +  NO,'  and  BaNO/^Ba"  +  NO,'. 

Up  to  the  present  time,  however,  no  conclusive  experimental 
evidence  of  the  existence  of  such  intermediate  complex  ions  as 
KSO/  and  BaNO,*  has  been  presented.  The  freezing-point  low- 
ering and  electrical  conductivity  of  such  salts  prove,  to  be  sure, 
that,  even  in  moderately  concentrated  solutions,  the  intermediate 
ions,  if  they  exist  at  all,  are  present  only  in  relatively  small 
amounts.  Nevertheless^  the  question  is  still  unanswered,  whether 
the  portion  of  the  salt  that  is  not  completely  dissociated  consists 
wholly  of  undissociated  molecules  (K^SO^  and  BaCNO,),)  or 
mainly  of  the  partially  dissociated  ones  (KSO/ and  BaNO/). 
The  answer  to  this  question  cannot  be  reached  by  the  method 
used  in  the  case  of  dibasic  acids,  since  it  is  only  for  hydrogen 
and  hydroxyl  ions  that  we  possess  specific  quantitative  methods 
of  determination.  The  property  adapted  to  throw  the  most  light 
on  the  matter  would  seeip  to  be  the  change  of  the  transference 
numbers  of  such  salts  with  the  concentration  ;  for,  if  KSO/  or 
BaNOj*  ions  exist  in  moderately  concentrated  solution,  and  if 
these  ions  are  dissociated  in  diluter  solutions,  as  they  must  be, 
into  K*  and  SO/'  or  Ba**  and  NO/  ions,  it  is  evident  that  the  pro- 
portion of  potassium  or  barium  transferred  in  the  differently  con- 
centrated solutions  will  be  markedly  different.     This  investiga- 
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tion  was,  therefore,  undertaken  in  order  to  determine  the  effect 
of  dilution  on  the  transference  numbers  of  some  tri-ionic  salts. 
Since  the  results,  to  be  of  much  value  in  connection  with  the 
theoretical  question  just  referred  to,  must  have  a  high  degree  of 
accuracy,  my  first  efforts  were,  however,  devoted  to  perfecting 
the  usual  method  of  determining  transference  numbers,  and  these 
have  led  to  a  modification  of  it,  which  it  is  one  of  the  main  pur- 
poses of  this  article  to  describe. 

2.    RESULTS  OF  PREVIOUS  INVESTIGATORS. 

Before  describing  my  own  experiments,  the  results  of  previous 
investigators  bearing  directly  on  the  subject  may  be  mentioned. 

In  the  first  place,  it  may  be  recalled  that  various  investigators 
have  proved  that  the  transference  numbers  of  df/-ionic  salts  do  not 
vary  with  the  concentration,  provided  the  latter  does  not  exceed 
a  moderate  value ;  for  example,  0.5  molper  liter.  Thus,  this  has 
been  shown  by  Hittorf  in  the  case  of  potassium  chloride,  bro- 
mide, iodide,  chlorate,  nitrate,  cyanide  and  acetate,  ammonium 
chloride,  sodium  chloride,  nitrate  and  acetate,  and  silver  nitrate. 
This  constancy  of  the  transference  numbers  has  been  confirmed 
by  other  investigators*  in  the  case  of  many  of  these  salts,  and  has 
been  found  by  Loeb  and  Nernst*  to  apply  also  to  silver  acetate 
and  silver  ethyl  sulphate.  The  only  exceptions  thus  far  discov- 
ered are  in  the  cases  of  lithium  iodide  and  chloride  which  have 
been  found  by  Kuschel'  and  Bein*  to  behave  like  the  halides  of 
the  alkaline  earth  metals  (see  below).  Aside  from  these  excep- 
tions, which  are  probably  to  be  explained  by  assuming  the  forma- 
tion of  intermediate  complex  ions,  the  statement  made  above  in 
regard  to  the  non-variation  of  transference  values  with  the  dilu- 
tion holds  true. 

Hitherto  only  very  few  tri-ionic  salts  have  been  satisfactorily 
investigated  in  this  direction.  Aside  from  the  earlier  experi- 
ments of  Hittorf,  Weiske,  Kuschel,  and  others,  which  are  not 
sufficiently  accurate  to  throw  any  light  on  the  present  question,* 

1  For  the  original  literature  on  transference  determinations  see  Bein  :  Ztschr.  phys- 
Chem.,  a^,  i.  For  a  summary  of  all  existing  values  for  concentrations  up  too.i  normal,  see 
Kohlrausch  :  Wied.  Ann.,  66,  8i6. 

*  Ztschr. phys.  Ckem.^  a,  948. 
3  Wied.  Ann.  13,  289. 

*  Ztsch>.  phys.  Chfm.^  vjy  50. 

^  Compare  Bein  :  Ztschr.  phys.  Chem.^  a8,  439-452,  in  regard  to  the  errors  of  the  early 
determinations;  also  Kohlrausch  :  Wied.  Ann.,  66,  818,  in  regard  to  the  disagreement  of 
he  results. 
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and  aside  from  the  more  recent  experiments  on  the  halogen  com- 
pounds of  cadmium  and  zinc,  which  exhibit  unusually  complicated' 
relations,  the  only  determinations  available  for  our  purpose  are 
those  of  Bein'  on  barium,  strontium  and  calcium  chlorides  and  of 
Hopfgartner'  on  barium  chloride.  It  is  desirable  that  even  these 
determinations  should  be  confirmed,  since  the  results  obtained 
are  somewhat  remarkable  in  their  character.  It  was  found, 
namely,  that  the  transference  number  of  the  cathion  increases 
with  increasing  dilution,  which  is  just  the  opposite  of  the  effect 
which  would  arise  from  the  presence  of  BaCl*  or  CaCl*  ions  in  the 
more  concentrated  solution.  Barium  chloride  was,  therefore,  in- 
cluded among  the  salts  which  I  have  investigated.  The  signifi- 
cance of  the  behavior  which  it  exhibits  will  be  further  considered 
below. 

3.    DBSCRIPTION  OF  THE  METHOD. 

As  is  well  known,  the  principal  diflBculty  met  with  in  deter- 
mining the  transference  numbers  of  salts  for  which  electrodes  of 
the  same  metal  cannot  be  used,  arises  from  the  fs^ct  that  free 
alkali  and  acid  are  generated  at  the  cathode  and  anode  respec- 
tively, and  that  the  hydroxyl  and  hydrogen  ions  thus  produced, 
on  account  of  their  high  rates  of  migration,  rapidly  pass  into  the 
middle  portions  of  the  solution,  thus  changing  its  composition 
and  its  transference  relations.*  This  change  in  composition  can 
be  greatly  retarded  on  the  anode  side  by  the  use  of  a  cadmium 
electrode,  since  the  cadmium  ions  that  pass  into  solution  have  a 
rate  of  migration  very  much  smaller  than  that  of  hydrogen  ions. 
This  kind  of  anode  has,  in  fact,  been  generally  employed.*  There 
has  been,  however,  no  equally  satisfactory  method  described  for 
preventing  the  dispersion  of  the  hydroxyl  ions  produced  at  the 
cathode,*  and  Hittorf,  Bein,  and  others  in  their  investigations 
have  simply  taken  care  to  stop  the  electrolysis  before  the  alkali 
reached  the  middle  portions. 

'  Ztschr.  phys.  Chtm.^  37,'  50,  51. 

«  Ibid.,  as,  137. 

>  See  Bein  {Ztschr.  phys.  Chem.,  27,  3-18)  for  a  full  discussion  of  this  matter. 

«  Compare  Bein  {Ztschr.  phys.  Chem.,  27,  ai)  in  regard  to  the  source  of  error  arising 
from  the  deposition  of  small  quantities  of  basic  salt  on  the  anode.  . 

*  Both  I«ens  and  Hopfgartner,  with  this  purpose  in  view,  covered  the  cathode,  which 
consisted  of  mercury,  with  concentrated  zinc  chloride  solution,  but  this  prevented  an 
accurste  analysis  of  the  solution  around  the  cathode. 
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This  procedure  is,  however,  open  to  the  objection  that  the 
absolute  amount  of  substance  transferred  is  necessarily  small,  and 
since  this  small  amount  is  obtained  as  a  difference  of  two  much 
larj?er  experimentally  determined  quantities,  the  percentage  errors 
in  the  final  results  are  necessarily  large.  Thus  in  Bein's  experi- 
ments on  metallic  chlorides,  which  are  probably  the  most  accu- 
rate with  polarizable  electrodes  thus  far  published,  the  amount  of 
chlorine  transferred  was  in  almost  all  cases  between  9  and  40  milli- 
grams, and  this  value  was  obtained  by  taking  the  difference  be- 
tween two  quantities  usually  four  to  ten  times  as  great.  It  is  true, 
to  be  sure,  owing  to  the  great  accuracy  of  the  volumetric  determi- 
nation of  chlorine,  that  the  corresponding  transference  values  ex- 
hibit an  average  deviation  from  the  mean  of  only  0.6-0.7  P^r  cent.^ 
This  degree  of  accuracy  could  probably  not  be  reached  in  the  case 
of  most  other  ions,  and  even  it  leaves  very  much  to  be  desired. 

It  occurred  to  me  now  that  the  difficulty* just  considered,  ari- 
sing from  the  dispersion  of  the  hydrogen  and  hydroxyl  ions  into 
the  solution,  might  be  entirely  obviated  by  the  simple  device  of 
gradually  adding  during  the  electrolysis  to  the  solutions  around 
the  cathode  and  anode,  sufficient  amounts  of  the  acid  and  base, 
respectively,  of  which  the  salt  is  composed,  to  keep  those  solu- 
tions neutral  (or,  preferably  in  practice,  slightly  acid  and  alkaline 
respectively).  If,  furthermore,  the  acid  and  base  added  are  dis- 
solved  in  suitable  quantities  of  water,  it  is  evident  that  not  only 
the  formation  of  new  substances  around  the  electrode  may  be  pre- 
vented, but  also  that  the  changes  of  concentration  of  the  original 
salt  due  to  transference  may  be  compensated,  so  that  the  whole 
solution  will  remain  unchanged  in  composition,  and  the  electroly- 
sis can  be  continued  indefinitely.  Thus  if  the  transference  num- 
ber (which  is  approximately  0.5)  of  a  0.2  normal  potassium  sul- 
phate solution  were  to  be  determined,  one  would  add  gradually 
at  the  cathode  0.4  normal  sulphuric  acid  in  such  (measured) 
amounts,  determined  with  the  help  of  an  indicator  or  calculated 
from  the  electricity  passing  through,  as  will  keep  the  solution 
slightly  acid  ;  and  would  add  at  the  anode  an  equal  amount  of 
0.4  normal  potassium  hydroxide.  If,  however,  the  transference 
number  of  the  positive  ion  were  2/3  and  the  salt  0.2  normal  as 

1  This  estimate  is  based  on  a  consideration  of  Bein's  results  with  the  chlorides  of  the 
alkali-  and  alkaline-earth  metals  at  ordinary  temperatures  (p.  49-51  of  his  article). 
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before,  the  acid  solution  used  would  have  to  be  0.3  and  the  base 
solution  0.6  normal,  and  the  volume  of  the  former  added  would 
have  to  be  twice  that  of  the  latter,  in  order  to  keep  the  concen- 
tration constant.  In  practice,  however,  it  is  desirable  that  the 
added  solutions  should  be  somewhat  stronger  (or  weaker)  than 
the  theory  requires,  in  order  to  prevent  the  solution  around  the 
electrodes  from  rising  (or  sinking)  into  the  middle  portions. 

Three  salts,  potassium  sulphate,  barium  chloride,  and  barium 
nitrate,  were  investigated  in  the  order  in  which  they  are  here 
named,  each  one  at  two  concentrations,  o.  i  and  0.02  molar.^  The 
samples  used  were  prepared  by  recrystallizing  the  commercial 
chemically  pure  salts  two  or  three  times  from  water.  In  the  case 
of  the  potassium  sulphate,  the  analyses  of  the  solutions,  both  be- 
fore and  after  the  electrolysis,  were  made  by  evaporating  them, 
after  exactly  neutralizing,  if  necessary,  with  sulphuric  acid  to 
dryness  on  a  water-bath  in  platinum  dishes,  and  igniting  the 
residue,  at  first  very  gently  and  then  intensely.  Great  difficulty 
was  experienced  by  reason  of  decrepitation  on  first  heating  ;  but 
this  source  of  error  was  entirely  removed  by  tying  ash-free  filter- 
paper  closely  over  the  top  of  the  dish,  heating  carefully  only  the 
bottom  of  the  dish  so  as  to  avoid  igniting  the  paper,  and  after- 
wards incinerating  the  paper.  In  the  case  of  the  two  barium 
salts,  the  analyses  were  made  by  adding  a  slight  excess  of  sul- 
phuric acid  to  the  solution,  evaporating  to  dryness  as  before,  and 
igniting  the  residue  to  a  constant  weight  at  a  moderate  red  heat. 
During  the  evaporation  the  dishes  were  covered  with  filter-paper 
(which  was  afterwards  incinerated),  in  order  to  avoid  a  loss  of 
the  precipitate  by  spattering,  occasioned  by  the  escape  of  small 
bubbles  of  air  from  the  solution.  This  subtle  source  of  error 
caused,  before  it  was  discovered,  the  loss  of  several  transference 
determinations.  The  barium  hydroxide  solution  added  at  the 
anode  was,  in  the  case  of  the  barium  nitrate  experiments,  ana- 
lyzed in  just  the  same  manner. 

The  method  employed  in  carrying  out  the  transference  experi- 

1 1  use  this  term  (previously  suggested  by  Ostwald)  to  designate  the  concentration  of 
solutions  containing  i  mol  (one  molecular  weight  in  grams)  in  i  liter  of  solution.  The 
general  introduction  of  some  such  term  seems  highly  desirable,  first  in  order  to  avoid  a 
very  frequently  occurring  circumlocution  ;  and  second,  in  order  to  avoid  the  serious  con- 
fusion which  is  beginning  to  arise  through  the  double  use  of  some  writers  of  the  term 
normal ;  namely,  its  use  in  this  sense,  as  well  as  in  its  appropriate  sense  of  one  equivalent 
per  liter. 
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ments  with  barium  nitrate,  was  somewhat  different  in  its  details 
from  that  used  in  the  case  of  the  other  two  salts.  I  will  first 
fully  describe  the  former  method,  for  it  has,  I  believe,  some  ad- 
vantages over  the  latter  ;  and  will  then  briefly  mention  the  respects 
in  which  the  two  methods  differ. 

At  the  beginning  of  each  experiment  the  apparatus,  shown  in 
the  accompanying  sketch,  consisting  essentially  of  two  large  glass 


U-tubes,  3.5  cm.  in  diameter,  joined  by  a  piece  of  soft  rubber  tu- 
bing, was  charged  with  such  an  amount  of  barium  nitrate  solution 
that  the  inside  arm  of  the  U-tubes  and  their  outside  arms  up 
to  a  point  about  2  cm.  above  the  top  of  the  bend  were  filled  with  it. 
Rubber  stoppers  were  inserted  in  the  small  upright  arms  on  the 
middle  of  the  tube,  so  as  to  keep  the  solution  in  place.  To  the  por- 
tions in  the  bends  were  added  a  few  drops  (a  known  weight)  of 
phenolphthalein  solution,  in  order  to  assist  in  regulating  the 
addition  of  alkali  and  acid.  The  indicator  is  rapidly  decolorized  in 
the  immediate  neighborhood  of  the  anode,  but  is  nevertheless  use- 
ful, since  it  retains  its  color  in  the  bend  beneath.  Cork  stoppers  with 
one  large  and  one  small  hole  were  inserted  in  the  top  of  each  side- 
arm  .    Through  the  small  holes  passed  heavy  platinum  wires  bent  at 
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the  bottom  into  the  form  of  a  spiral .  These  were  made  to  dip  only  a 
few  millimeters  into  the  solution,  and  were  gradually  raised  dur- 
ing the  electrolysis  so  as  to  be  always  near  the  top  of  the  liquid. 
The  distance  between  the  electrodes  was  80-100  cm.  Through 
the  larger  holes  in  the  stoppers  were  inserted  the  stems  of  cylin- 
drical drop-funnels,  like  those  shown  in  the  drawing.  These 
were  graduated  with  divisions  corresponding  to  each  5  cc.  The 
stems  were  bent  slightly  at  their  ends  and  drawn  to  a  point,  so  as 
to  cause  them  to  remain  full  of  liquid  and  to  deliver  against  the 
sides  of  the  (J-tubes.  These  two  drop-funnels  were  filled  at  the 
start  with  approximately  0.5  normal  nitric  acid^  and  barium 
hydroxide  for  the  experiments  with  the  more  concentrated  solu- 
tion, and  with  o.i  normal'  acid  and  base  for  those 
with  the  more  dilute.  These  funnels,  which  were  closed 
above  with  one-hole  rubber  stoppers,  were  weighed  to  the  nearest 
centigram  before  and  after  the  electrolysis,  the  stems  being  capped 
with  small  test-tubes  during  the  weighing.  The  base  solution 
was  protected  from  the  air  during  the  electrolysis  by  a  soda-lime 
tube  inserted  in  the  rubber  stopper. 

At  least  twenty  minutes  before  the  electrolysis  was  started  the 
U-tubes  were  immersed  in  a  large  thermostat  at  25®,  to  such  a 
depth  that  the  middle  horis^ntal  part  of  the  apparatus  was 
entirely  covered.  After  the  temperature  differences  had  become 
equalized,  2.5  cc.  of  the  nitric  acid  solution  were  added  at  the 
cathode  and  10-15  cc.  of  [the  barium  hydroxide  solution  at  the 
anode.  This  excess  of  the  latter  was  added  at  the  start,  in  order 
to  make  the  anode  solution  distinctly  heavier  than  the  middle 
portion  above,  and  to  introduce  into  the  bend  enough  free  base 
to  neutralize  any  acid  which  might  escape  neutralization  in  the  im- 
mediate neighborhood  of  the  electrode.  The  electrodes  were  then 
connected  through  a  switch,  one  i6-candle  power  no  volt  lamp,  a 
Weston  milliammeter,  and  a  silver  voltameter,  all  in  series,  with 
the  terminals  of  the  city  circuit  of  1 10  volts  potential,  and  the 
current  was  turned  on.  The  silver  voltameter  consisted  of  a  plat- 
inum dish  (which  served  as  the  cathode)  which  contained  a  15 
per  cent,  silver  nitrate  solution,  just  beneath  the  surface  of  which 

1  The  acid  solution  used  in  the  first  experiments  was  prepared  by  diluting  the  concen- 
trated acid  with  pure  distilled  hydrogen  peroxide  solution,  in  order  to  entirely  prevent 
reduction  of  the  nitrate  to  nitrite  and  ammonia ;  but  this  precaution  was  later  dispensed 
vith,  as  it  was  found  to  make  no  difference  in  the  results. 
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was  placed  a  horizontal  silver  plate  (to  serve  as  anode)  which 
was  wrapped  with  filter-paper  and  supported  by  a  silver  rod 
riveted  through  it.  The  milliammeter  served  merely  to  indicate 
the  strength  of  the  current,  and  was  not  used  for  a  quantitative 
determination  of  it. 

As  the  electrolysis  proceeded,  at  intervals  of  ten  to  twelve  min- 
utes, each  time  as  soon  as  the  pink  color  appeared  at  the  cathode, 
2.5  cc.  of  the  nitric  acid  solution  and  an  equal  volume  of  the 
barium  hydroxide  solution  were  added.  The  electrolysis  was 
continued  for  about  three  hours.  At  the  end  of  this  time  the 
electrodes  and  drop-funnels  were  removed,  perforated  rubber 
stoppers  were  inserted  in  the  side  arms,  their  holes  were  closed 
by  pushing  in  pieces  of  glass  rod,  and  the  stoppers  in  the  small 
middle  arms  were  taken  out.  Through  these  arms  three 
middle  portions  (lying  between  the  points  E  and  F,  D  and  E^  and 
F  and  G  in  the  figure)  were  slowly  removed  by  means  of  a  pipette 
connected  with  a  suction-pump,  the  tip  of  the  pipette  being  grad- 
ually lowered  so  as  to  be  always  just  beneath  the  surface  of  the 
liquid  ;  the  portions  were  then  transferred  to  small  flasks.  The 
apparatus  was  next  removed  from  the  thermostat  and  separated 
at  the  rubber  band  ;  the  U-tubes  were  wiped  off  outside  with  a  dry 
cloth,  the  liquid  on  the  inside  adhering  to  the  upper  part  of  the 
middle  arms  also  being  removed ;  and  the  tubes  were  weighed 
separately  on  a  large  balance,  after  adding  to  the  anode  portion  a 
weighed  amount  of  dilute  nitric  acid,  sufficient  to  make  the  solu- 
tion acid,  thus  avoiding  later  the  absorption  of  carbon  dioxide 
from  the  air.  The  contents  of  the  U-tubes  were  now  transferred 
as  completely  as  possible  to  small  flasks,  the  liquid  being  once 
poured  back  to  secure  thorough  mixing.  The  U-tubes  were  then 
washed  out,  dried,  and  weighed.  The  flasks  were  all  weighed, 
their  contents  poured  out  into  the  platinum  dishes,  and  the  nearly 
empty  flasks  again  weighed.  The  weights  of  barium  sulphate 
obtained  from  the  cathode  and  anode  portions  were  corrected  for 
the  small  known  weights  of  solution  remaining  in  the  U-tubes. 

In  the  case  of  the  potassium  sulphate  and  barium  chloride 
experiments,  only  the  cathode  and  middle  portions  were  analyzed. 
The  method  of  conducting  the  electrolysis  was  also  somewhat 
different  in  these  cases.  The  side-arms  of  the  U-tubes  were  at 
the  beginning  filled  with  solution  for  two-thirds  of  their  length 
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(instead  of  up  to  a  point  only  a  little  above  the  bends) ,  and  the 
concentrations  of  the  add  and  base  solutions  added  were  made  lo 
per  cent,  less  (instead  of  greater)   than  would  be  required  to 
maintain  a  constant  concentration,  in  order  to  prevent  the  por- 
tions around  the  electrodes  from  sinking  into  the  unchanged  solu- 
tion beneath.     These  solutions  were  added  from  burettes  with 
tips  turned  upward  and  delivering  a  little  below  the  bottom  of  the 
electrodes,  which  reached  as  before  just  beneath  the  surface  of 
the  liquid.     The  weight  of  the  sulphuric  or  hydrochloric  add 
solution  added  was  calculated  from  the  measured  number  of  cubic 
centimeters  with  the  help  of  the  known  spedfic  gravity  of  the 
solution  ;  this  volume  measurement  is  unobjectionable  in  the  case 
of  the  add  solution  added,  since  no  non- volatile  matter  is  intro- 
duced, and  the  greatest  accuracy  is  therefore  not  required  ;  but 
direct  weighing  of  the  base  solution  is  far  preferable  in  case  the 
anode  portion  is  to  be  analyzed.     Both  methods  of  charging  the 
U-tubes  and  of  regulating  the  concentration  at  the  electrodes  give 
satisfactory  results  ;  in  that  last  described,  the  middle  portion  is 
of  greater  length,  and  the  electrolysis  could  perhaps  be  longer 
continued,  if  it  were  desired  to  do  so.     The  method  used  in  the 
case  of  the  barium  nitrate  is  preferable,  however,  when  the  base 
solution  to  be  added,  like  that  of  barium  hydroxide,  is  heavy ; 
for,  if  the  other  method  is  used,  it  is  difficult  to  prevent  the  added 
portions  from  sinking  down  before  they  become  mixed  with  the 
liquid  already  surrounding  the  electrode.     The  electrolyses  of  the 
potassium  sulphate  and  barium  chloride  solutions  were  continued 
from  four  to  eight  hours. 

4.    RESUI.TS  OF  THE  TRANSFERENCE  DETERMINATIONS. 

The  experimental  data  and  the  calculated  transference  numbers 
are  given  in  the  tables  below.  All  the  values  given  (except,  of 
course,  the  current,  time,  and  transference  numbers)  are  weights 
in  grams.  Those  in  the  columns  relating  to  the  salt  content  are 
the  quantities  of  the  substances  actually  weighed  ;  namely,  of  the 
potassium  sulphate  and  barium  sulphate.  In  the  second  column, 
the  portion  of  the  solution  surrounding  the  cathode  is  designated 
by  K,  the  adjoining  middle  portion  by  Mi,  the  next  one  by  Mn, 
that  adjoining  the  anode  portion  by  Mm,  and  the  anode  portion 
itsdf  by  A. 


46  ARTHUR   A.    NOYBS. 

The  temperature  was  in  all  cases  25°. 

The  original  solutions  submitted  to  electrolysis,  the  concentra- 
tions of  which  are  only  approximately  stated  in  the  headings, 
were  found  to  contain  the  following  amounts  of  salt  in  1,000 
grams  of  solution  :  in  experiments  i  and  2,  17.247  grams,  in 
No.  3,  17.205  grams,  and  in  Nos.  4,  5,  and  6,  3.4927  grams 
KjSO^,  in  Nos.  7,  8,  9,  and  10,  22.906  grams,  in  Nos.  11,  12, 
and  13,  4.6448  grams,  in  Nos.  14,  15,  and  16,  21.083  grams,  in 
No.  17,  21.099  grams,  in  Nos.  18  and  19,  4.6666  grams,  and  in 
No.  20,  4.6560  grams  barium  sulphate.  The  barium  hydroxide 
solution  added  in  experiments  14,  15,  16,  and  17  gave  56.443 
grams  barium  sulphate,  and  that  used  in  experiments  18,  19,  and 
20  gave  11.700  grams  barium  sulphate  for  1,000  grams  of  solu- 
tion. 

The  values  of  the  transference  numbers,  which  are  given  in  the 
last  columns  of  the  tables,  are  those  of  the  positive  ions  multi- 
plied by  100.  The  way  in  which  these  were  calculated  may  be 
illustrated  with  the  help  of  the  data  obtained  in  the  first  experi- 
ment with  potassium  sulphate  (see  the  table  below) .  The  cathode 
portion  submitted  to  analysis  weighed  493.12  grams,  and  was 
found  to  contain  8.4394  grams  potassium  sulphate.  To  determine 
what  it  contained  before  the  electrolysis,  we  must  evidently  sub- 
tract from  the  final  weight  of  the  portion,  the  weight  of  all  matter 
which  was  introduced  in  the  process  of  carrying  out  the  elec- 
trolysis, and  multiplj^  the  remainder  by  the  original  salt  content, 
which  was  0.017247  gram  per  gram  of  solution. 

The  weight  of  dilute  sulphuric  acid  and  phenolphthalein  added, 
which  was  60.78  grams  in  this  experiment,  must  therefore  be  first 
subtracted.  Secondly,  a  correction  must  be  made  for  the  fact 
that  the  weight  of  the  cathode  portion  is,  by  the  electrolysis  itself , 
increased  by  the  weight  of  the  potassium  ions  which  have  migra- 
ted into  it,  and  decreased  by  the  weight  of  sulphate  ions  which 
have  migrated  out  of  it*  by  the  weight  of  the  hydrogen  gas 
which  escaped  at  the  electrode.  Since  the  average  value  of  the 
transference  number  is  found  to  be  0.493,  the  total  increase  of 

^  It  is  evidently  assumed  hereby,  as  is  always  done  in  transference  calculations,  that 
the  ions  are  not  hydrated.  It  may  not  be  without  value  to  call  attention  to  the  fact  that 
the  commonly  observed  change  of  the  calculated  transference  numbers  with  the  concen- 
tration  may  be  due,  wholly  or  in  part,  in  the  case  of  concentrated  solutions,  to  hydration 
of  the  ions,  and  to  the  failure  to  take  this  into  account  in  the  calculation. 
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weight  from  these  three  causes  would  evidently  be:  (39.1  X 
0.493) — (48.0  X  0.507) — i.o  =  —6.0  grams  for  every  108  grams 
of  silver  deposited  in  the  voltameter,  or — 0.14  gram  in  this 
experiment.  The  increase  in  the  amount  of  the  salt  in  the 
cathode  portion  is  therefore  8.4394 — (493.12—60.78+0.14) 
0.017247  =0.9803  gram.  Adding  to  this  the  change  in  the 
adjoining  portion  ( +0.0013  gram)  and  dividing  by  the  equiva- 
lent weight  of  potassium  sulphate  (87. 18),  and  by  the  number  of 
equivalents  of  silver  precipitated  in  the  voltameter,  the  transfer- 
ence number  is  found  to  be  0.4941 .  (The  cases  where  the  adjoin- 
ing middle  portion  suffered  a  change  in  concentration  greater 
than  the  analytical  error  and  where  consequently  this  change  was 
combined  with- that  of  the  cathode  or  anode  portion,  are  indicated 
in  the  table  by  a  brace  following  the  two  quantities. )  The  cal- 
culation of  the  transference  number  from  the  change  in  concen- 
tration at  the  anode  was,  in  the  case  of  the  barium  nitrate  experi- 
ments, made  in  an  entirely  analogous  manner,  except  that  from  the 
weight  of  barium  sulphate  obtained  from  the  anode  portion  after 
the  electrolysis,  there  was  of  course  subtracted  the  amount  com- 
ing from  the  barium  hydroxide  solution  added.  For  the  sake  of 
greater  clearness,  the  total  weight  of  salt  obtained  from  the  anode 
portion  is  in  the  table  resolved  into  the  two  corresponding  com- 
ponents. 


Potassium  Sulphate,  o.i  Molar. 

±  ^  a  . 


fig  £     B^a       $       ^1     §8 


3  to>uH  Ha 


K  493.12  8.4394  60.78      7.4591  -1-0.9803)  2.4594            49.41 

Mi  137.47  2.3723  2.3710  -I-0.0013)  o.iiSamp 

Mil  204.82  3.5365  3-5326  +0.0039  310  min 

K  456.48  7-7762  91-21      6.3033  +1.4729)  3.6760            49.33 

Mi  175.15  3.0126  3.0209  — 0.0083)  0.134  amp 

Mil  86.96  1.4993  1.4998  — 0.0005  415  min 

K  434-79  7.4142  48.70      6.6446  +0.7696  1.9370           49.19 

Ml  119.85  2.0615  2.0620  —0.0005  0.063  amp 

Mn  133.38  2.2941  2.2948  — 0.0007  460  min 


48 


ARTHUR   A.    NOYBS. 


Potassium  Sui«phatb,  0.02  Moi«ar. 


a 


8 


10 


II 


12 


13 


K  491 .47 

Mi  103.75 

Mil  102.99 

K  463.31 

Mi  176.04 

Mil  94.08 

K  469.56 

Mi  103.17 

Mil  107.24 


K  460.04 

Mi  46.30 

Mil  9909 

K  512.08 

Mi  35.77 
Mix  104.51 
Mm    99.00 

K  507.37 
Mi  106.63 
Mu  101.06 
Mm    90. 10 

K  474.93 
Mi      103.15 

Mil    108.48 

Mm     85.59 


o 

a 
8 


•8 

56.73 


•cs 
08 


J' 


+0.1779} 
+0.0007 1 
+0.0002 

+0.2631 
—0.0018 
+0.0003 

+0.1849 
+0.0001 

— O.OOOI 


1.6964  56.73  I.5I85 
0.3631       0.3624 

0.3599      0.3597 

1.5869  84.31  1.3238 

0.6I3I  0.6149 
0.3289        0.3286 

1.6246  57.40  1.4397 
0.3604  0.3603 
0.374s      0.3746 

BARIXTM  CHI.ORIDB,  O.  I  MOI«AR. 

10.6238  30.33        9.8402        +0.7836 
1.0598  1.0605 

2.2686  2.2697 

II.9214  57.06      10.4182 
0.8189  0.8193 

2.391 I  2.3939 

2.2673  2.2677 

11.7885  50.98      10.4500 
2.441 1  2.4424 

2.3II6  2.3149 

2.0615  2.0638 

10.8589  30.31      10.1824 
2.3604  2.3628 

2.4821  2.4848 

1.9574  1.9605 

Barium  Chi«oride,  0.02  Moi^ar. 

2.3897  54.95      2.1354      +0.2543) 


— 0.0007 

— O.OOII 

+1.5032 

— 0.0004 
— 0.0028 
— 0.0004 

-f  1.3385) 

—0.0013  J 
—0.0033 

— 0.0023 

+0.6765 ) 

— 0.0024 ; 
.0027 
.0031 


K      514.75 

Mi      110.70  0.5149  0.5142 

Mil    1 15.31  0.5362  6.5356 

Mm    89.89  0.4175  0.4175 

K      499-37  2.3214  50.15       2.0864 

Mi     110.59  0.5142  0.5137 

Mini   86.12  0.4007  0.4000 

K      493.42  2.2930  49.84       2.0601 

Ml     106.63  0.4957  0.4953 

Mn    109.52  0.5089  0.5087 

Mm    95.84  0.4451  0.4452 
1  Portion  Mh  was  lost  in  this  experiment. 


+0.0007) 
H-0.0006 
0.0000 

+0.2350) 
+0.0005 ) 
+0.0007 

+0.2329) 
+0.0004  J 
+0.0002 
).OOOI 


iIm' 

0.4451 

0.028  amp 
240  min 

0.6524 
0.040  amp 
245  min 

0.4617 
0.018  amp 
380  min 


1.7479 
0.108  amp 

240  min 

3.3519 
0.122  amp 

410  min 

2.9804 
0.123  amp 
360  min 

1.5019 
0.065  amp 

345  min 


0.5321 
0.034  amp 
230  min 

0.4928 
0.022  amp 
275  min 

a4885 
0.023  amp 
260  min 


§ 


49.68 


49.59 


4958 


41.44 


41.46 


41.48 


41.50 


44.31 


44.19 


44.16 
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Barium  Nitrate,  o.i  Molar. 


a 

V 

14 


15 


16 


17 


18 


19 


10 


e 
o 


K  244.30 
Mi      180.57 

Mil  199.75 
Mm  239.02 
A       205.23 


K 

M, 

M 

M 


n 
in 


K 

M, 

M 

M 


II 
III 


K 

M, 
M 

M 


II 
ni 


269.42 
174.74 

174.33 
183.50 

218.25 

268.51 
172.63 

147.53 
157.03 
204.41 

278.03 
168.20 

158.30 
153-30 
205.69 


K 

M, 

M 

M 


II 
ni 


197.50 
122.58 
13406 
187.20 
253.88 


K       207.34 

Mj     124.05 

Mn     141.65 

Mm  145.38 
A      268.13 


K  201.18 
M,  123.27 
Mji  121.00 

Mm  155.48 
A      279.26 


a 
8 


•8 

^1 

5.2507  40.53 
3.8058 

4.2106 

5.0368 
1 2.5491 

[  2.2196  39.325 

5-8x30  4389 
3.6864 
3.6760 
3.8710 

1 2.5877 

1 2.5527 

5.7520 

3.6428 

3.III0 

3.3132 
2.1725 

2.9600 

5.8841 
35492 

3.3329 
3.2360 

;  2.4465 
1 2.3988 


S§ 

4.2970 
3.8070 
4.2112 
5.0388 
3.5000 

4.7562 
3.6840 

3.6753 
3.8685 

3.6497 
45.233 
44.355  4.7270 

36395 
3.1098 

3.3100 

3.2065 


a  • 


+0.9537 ) 

.0012 ) 
>.ooo6 
.0020 ) 

.9509) 


52.44 
46.49 


4.8846 
3.5488 
3.3326 
3.2345 
3-4451 


4-1.0568) 
-f  0.0024 ) 
4-0.0007 

4-0.0025  ) 

— 1.0620) 

+1.0250) 
+0.0033  j 

+0.0002 

+0.0032 ) 
—1.0340) 

+0.9995 1 

+0.0004 ) 
+0.0003 
+0.0015 ) 
>.9986) 


42.50 


Barium  Nitrate,  0.02  Molar. 

20.88     0.8242  +0.1992 

0.5744  ±0.0000 

0.6269  — 0.0002 

0.8150  — 0.0007  i 

0.9149  — 0.1 991 


1.0234 

0.5744 
0.6267 

0.8143 

1 0.7158 
•0.6766 

1. 063 1 

0.5773 
0.6608 

0.6781 

0.7979 
0.6371 

1.0346 
0.5630 
0.5641 
0.7240 

;  0.8353 
1 0.6716 


57.83 
21.75 


54.45 
21.14 


0.8660 

0.5772 
0.6610 
0.6772 
0.9971 

0.8382 
0.5630 
0.5640 
0.7239 
1.0329 


+0.1971 
+0.0001 
— 0.0002 
+0.0009  j 
—0.1992] 

+0. 1964 
+0.0000 
+0.0001 
+0.0001 
—0.1976 


i; 


Vi  P  |j  a! 

1.9334 

0.175  amp 
165  min 


d 

Ha 
45.54 


45.56 


2.1540  45.47 

0.178  amp 
180  min 

45.48 

2.0917  45.46 

0.173  *nip 
180  min 

45.56 

2.0301  45.54 

0.168  amp 
180  min 

45.42 


0.4042  45.57 

0.033  ^^V 
180  min 

45.70 

0.4014  45.41 

0.033  amp 
180  min 

45.68 

0.3985  45-57 

0.035  amp 

170  min 

45.85 


57.40 
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The  values  of  the  transference  numbers  obtained  (multiplied  by 
loo)  are  summarized  in  the  following  table.  At  the  foot  of  each 
column  are  given  the  mean  of  the  values  just  above,  and  the 
average  deviation  of  the  separate  values  from  this  mean.  To  the 
final  results  in  the  case  of  the  barium  nitrate,  the  probable  error, 
calculated  in  the  usual  manner,  is  appended : 


Potassium  Sulphate. 

Barium  Chloride. 

O.I  Molar. 

0.0a  Molar. 

0. 1  Molar. 

0.0a  Molar. 

49.41 

49.68 

41.44 

44.31^ 

49-33 

49.59 

41.46 

44.19 

4919     . 

4958 

41.48 

44.16 





41.50 

49.31 

49.62 



0.08 

0.04 

41.47 
0.02 

44.22 
0.06 

Barium  Nitrate. 

0. 1  Molar. 

0.02: 

Molar. 

ode  values. 

Anode  values. 

Cathode  values. 

Anode  valt 

45.54 

45.56 

45.57 

» 

45.70 

45.47 

45.48 

45.41 

45.68 

45.46 

4556 

45-57 

4585 

45-54 

45.42 

45.50 

45.50 

45.52 

45.74 

0.04 

0.06 

0.07 

45-59 

0.07 

45.50  ± 

0.02 

±  O.IO 

5.    ACCURACY  OF  THE  RESULTS. 

The  probable  degree  of  accuracy  of  the  results  and  the  conse- 
quent reliability  and  value  of  the  method  employed  may  be  next 
considered.  It  should  be  first  stated  that  in  the  above  tables  all 
the  determinations  are  recorded  which  were  carried  to  completion 
after  certain  errors  which  were  found  to  exist  in  the  analyses 
were  eliminated. 

In  the  cases  of  potassium  sulphate  and  barium  chloride,  there 
are  two  indications  of  the  degree  of  accuracy  of  the  results  ; 
first,  the  change  in  weight  of  the  middle  portions,  and  second,  the 
variations  in  the  transference  values  calculated  from  the  different 
experiments.  In  regard  to  the  former,  it  should  be  stated  that 
in  the  analyses  of  portions  of  the  original  solutions,  variations 
from  the  mean  salt-content  of  o.ooio  gram  in  the  more  concen- 
trated, and  of  0.0005  gram  in  the  more  dilute  solution,  were  found 
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to  exist ;  so  that  only  when  the  middle  portions  change  by  more 
than  these  amounts,  do  the  changes  have  much  significance.  It 
will  be  seen  that  the  changes  in  the  Mi  portions  do  not  much 
exceed  these  amounts  except  in  the  cases  of  Experiments  2,  5, 
and  10 ;  and  in  the  first  two  of  these  experiments,  the  changes  in 
the  Mil  portions  are  so  small  as  to  cause  no  hesitation  in  combi- 
ning the  changes  of  the  Mi  portions  with  those  of  the  cathode  por- 
tions. It  will  also  be  seen  from  the  summary  in  the  last  table 
that  the  average  deviation  of  the  separate  transference  values 
from  the  mean  is  in  every  case  less  than  0.2  per  cent.  Taking 
into  account  the  possibility  of  an  error  of  o.  i  per  cent,  in  the 
determination  of  the  original  salt  content,  it  can,  I  think,  be 
safely  asserted  that  it  is  almost  certain  that  the  error  in  the  mean 
transference  values  does  not  exceed  0.25  per  cent.  ;  in  other 
words,  the  third  figure  cannot  be  in  error  by  more  than  one  unit. 
The  probable  error  is,  of  course,  much  less. 

In  the  case  of  the  barium  nitrate  experiments,  a  more  conclu- 
sive confirmation  of  the  degree  of  accuracy  of  the  results  is  fur- 
nished by  a  comparison  of  the  cathode  and  anode  values  ;  for  an 
error  in  the  determination  of 'the  original  salt  content  of  the  solu- 
tion or  any  error  arising  from  mechanical  loss  in  the  analysis  of 
the  portions  would  affect  these  values  in  the  opposite  direction. 
In  the  ease  of  the  o.  i  molar  solutions,  the  agreement  is  complete 
between  the  mean  cathode  and  anode  values.  Taking  into 
account,  moreover,  the  smallness  of  the  variations  of  the  sepa- 
rate values  from  the  mean,  and  the  slight  changes  (0.2-0.7  ^g) 
exhibited  by  the  Mu  portions,  the  final  result  (45.50)  can,  I 
believe,  be  regarded  as  almost  surely  accurate  to  o.  i  per  cent,  of 
its  value.  In  the  case  of  the  0.02  molar  solution,  the  values  cal- 
culated from  the  changes  at  the  two  electrodes  differ  by  a  little 
less  than  0.5  per  cent.  Attributing  double  weight  to  the  cathode 
results,  since  an  increase  of  the  salt  content  is  produced  by  the 
base  solution  added  at  the  anode,  I  adopt  45.59  as  the  most 
probable  value.  This  may  possibly  be  in  error  by  0.3  per  cent., 
but  is  probably  accurate  to  one-half  that  amount.  Since,  at  both 
concentrations,  the  final  values  are  derived  by  the  combination  of 
the  results  of  two  independent  methods,  which  are,  liable  to  error 
in  opposite  directions,  the  probable  errors  given  in  the  table  are 
to  be  regarded  as  a  measure  not  merely  of  the  variable  errors, 
but  probably  of  all  errors  involved. 
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These  considerations  show  that  the  degree  of  accuracy  attained 
with  the  help  of  the  method  described  in  this  article,  is  much 
greater  than  that  which  it  has  heretofore  been  found  possible  to 
secure.  This  arises  mainly  from  the  fact  that  the  electrolysis 
could  be  continued  until  a  much  larger  weight  of  salt  was  trans- 
ferred. Thus,  in  my  experiments,  the  quantities  transferred 
were  180-260  mg.  in  the  0.02  molar,  700-1500  mg.  intheo.i 
molar  solution,  while,  in  Bein's  determinations  at  corresponding 
concentrations,  only  20-50  mg.  were  transferred. 

6.    COMPARISON  WITH  EARNER  RESULTS. 

Potassium  sulphate  was  investigated  by  Hittorf^  at  4^-12®  at 
two  concentrations,  at  about  0.5  and  about  0.014  molar.  The 
transference  numbers  found  were  0.500  and  0.498,  respectively. 
The  differences  from  my  values  (0.4931  and  0.4962)  are,  there- 
fore, not  very  large. 

Barium  chloride  has  been  studied  by  various  investigators  with 
widely  divergent  results.  Thus  HittorT  obtained  the  value  0.385 
at  io°-20°  for  0.04-0.06  molar  solutions,  while  from  Bein's 
results,'  one  finds  by  interpolation  for  25°  ando.i  and  0.02  molar 
concentrations,  the  values  0.424  and  0.445,  respectively.  The 
latter  differ  by  2.2  and  by  0.7  per  cent.,  respectively,  from  those 
presented  in  this  article  (0.4147  and  0.4422).  Hopfg%rtner*s* 
determinations  (at  15°)  for  a  o.i  molar  solution  lead  to  the  value 
0.408,  which  is  nearly  as  much  below  my  result  as  Bein*s  is 
above  it. 

Barium  nitrate  has  been  investigated  only  by  Hittorf,*  who 
.found  0.380  in  0.07,  and  0.398  in  0.03  molar  solution.  These 
values  differ  very  widely  from  my  own  (0.455). 

These  results  make  evident  the  great  need  of  a  repetition  of 
much  of  the  earlier  work  on  tri-ionic  salts. 

7.    CHANGE    OF    THE    TRANSFERENCE  NUMBERS  WITH  THE   CON- 
CENTRATION. 

The  effect  of  concentration,  the  study  of  which  formed  the  main 
object  of  this  investigation,  may  be  now  considered. 

1  Ostwald's  Klassiker,  No.  ax,  58  ;  or  Fogg.  Ann.^  98,  29-30. 

3  Ostwald's  Klassiker,  No.  33,  41 ;  or  Pogg.  Ann.^  xo6,  380-382. 

»  Ztschr.  phys.  Ckem,^  97,  51. 

*  Ztschr.  phys.  Chem.,  85,  138. 

&  Ostwald's  Klassiker,  No.  33,  41 ;  or  Pogg.  /Inn.,  zo6,  378-379. 
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The  transference  number  of  potassium  sulphate  varies  only  from 
^•4931  to  0.4962,  or  about  0.6  per  cent., between  the  concentrations 
of  o.  I  and  0.02  mol  per  liter.  A  little  consideration  will  show  that 
this  change  can  be? explained  by  assuming  that  1.2  percent,  more 
of  the  dissociated  part  of  the  salt  is  dissociated  into  K*  and  KSO/ 
ions  in  the  concentrated  than  in  the  dilute  solution,  it  being 
further  assumed,  as  a  sufficiently  close  approximation,  that  the 
equivalent  conductivities  of  all  the  ions  involved  are  equal.  But, 
since,  according  to  Kohlrausch's  measurements,  the  molecular 
conductivity  between  these  two  concentrations  changes  from  175 
to  208  reciprocal  ohms  (and  the  dissociation  from  64.5  to  77  per 
cent.)  thus  by  19  per  cent.,  it  is  clear  that  by  far  the  most  impor- 
tant chemical  change  produced  by  the  dilution  is  the  dissociation 
of  K,S04  molecules  and  not  KSO/  ions.  Since  the  change  in  the 
transference  number  is  so  small,  it  may,  however,  be  due  solely 
to  the  hydration  of  ions.^  Therefore,  only  the  following  nega- 
tive conclusion  is  justifiable  :  The  concentration  of  KSOl  ions  in 
a  0,1  molar  potassium  sulphate  solution  does  not  exceed  a  very  few 
per  cent,  of  the  total  concentration.  If  these  ions  exist  at  all,  they 
have  a  very  much  greater  dissociation  tendency  than  the  neutral 
potassium  sulphate  molecules. 

In  the  case  of  barium  nitrate,  the  change  (0.2  percent.)  caused 
by  the  fivefold  dilution,  is  still  smaller,  and  does  not  exceed  the 
probable  experimental  error.  Therefore,  barium  nitrate  solutions, 
up  to  a  concentration  of  o.i  moL  per  liter ,  contain  in  appreciable 
quantity  only  Ba*  and  NO^  ions  and  no  complex  ions  formed  by 
the  com^bination  of  these. 

The  difference  in  the  transference  numbers  (0.4147  and  0.4422) 
of  barium  chloride  at  the  two  concentrations  is  very  much  greater 
than  the  differences  just  considered,  amounting  as  it  does  to  6.6 
per  cent.  The  change  is,  moreover,  in  the  opposite  direction 
from  that  required  by  the  assumption  of  the  existence  of  BaCl* 
ions  in  the  more  concentrated  solution.  In  order  to  explain  this 
behavior  and  the  analogous  one  of  strontium  and  calcium  chlo- 
rides, Bein  assumed  a  partial  hydrolysis  of  the  salt,  basing  this 
view  on  the  disagreement  of  a  single  determination  of  the  amount 
of  calcium  transferred  with  determinations  of  the  chlorine  trans- 

i  Thus  th«  actual  change  of  0.6  per  cent,  would  be  entirely  accounted  for,  if  with  the 
'equivalent  weight  of  the  K*  ions  mig^te  two  molecules  of  water  more  than  migrate  with 
the  equivalent  weight  of  SO4"  ions. 
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ferred.  This  explanation  cannot,  however,  be  correct,  since  the 
alkaline  earth  hydroxides  are  known  to  be  very  strong  bases  ;  it 
is,  moreover,  entirely  disproved  in  the  case  of  barium  chloride,  by 
the  substantial  agreement  (see  §  6)  of  Bein's' values,  which  are 
based  on  determinations  of  the  chlorine  transferred,  with  my 
results  which  were  obtained  by  determining  the  transferred 
barium.  On  the  contrary,  the  behavior  of  these  chlorides  of  the 
alkaline  earth  metals  is  entirely  similar  to  that  of  the  halogen 
compounds  of  cadmium,  though  the  anomaly  is  less  pronounced  ; 
and  as  far  as  I  am  able  to  see,  it  admits  only  of  a  corresponding 
explanation.  In  order  to  account  for  the  fact  that  the  sum  of 
the  transference  numbers  for  the  metal  and  chlorine  is  equal  to 
unity,  and  for  the  change  with  the  dilution,  it  is,  namely,  neces- 
sary to  assume  that  there  are  present  in  considerable  quantity  in 
the  O.I  molar  solution  of  the  alkaline  earth  chlorides  y  complex  nega^ 
live  ions  formed  by  the  union  of  one  or  more  chlorine  ions  with  one  or 
more  of  the  chloride  molecules  (such  ions  for  examples  as  BaCl,'  or 
BaCl/0  ^^'^  t^^^  these  ions  dissociate  with  increasing  dilution. 

8.    RATES  OF  MIGRATION  OF  THE  BIVALENT  IONS. 

As  Kohlrausch  has  pointed  out,  owing  to  the  lack  of  exact 
transference  values  for  tri-ionic  salts,  the  Law  of  the  Independent 
Migration  of  the  ions  has  not  been  satisfactorily  confirmed  in  the 
case  of  bivalent  ions,  nor  have  their  rates  of  migration,  calcula- 
ted with  the  help  of  that  law,  been  as  accurately  determined  as 
have  those  of  univalent  ions  for  the  reason  just  mentioned,  s^nd 
also  for  the  reason  that  the  limiting  value  of  the  molecular  con- 
ductivity of  tri-ionic  salts  cannot  be  established  with  as  great  cer- 
tainty, since  a  larger  extrapolation  is  necessary. 

With  the  help  of  the  new  transference  numbers  for  potassium 
sulphate  and  barium  nitrate,  the  equivalent  conductivities  of  the 
SO/'  and  Ba*"  ions  can  be  calculated  if  it  be  assumed  that  the 
values  obtained  for  0.02  molar  solution  at  25°  would  also  hold 
true  for  extreme  dilution  and  at  18°.  That  these  assumptions 
will  not  give  rise  to  an  error  greater  than  i  per  cent,  is  highly 
probable  in  view  of  the  small  changes  between  the  concentrations 
of  o.  I  and  0.02  mol  per  liter,  and  in  view  of  the  general  principle  that 
temperature  has,  as  a  rule,  only  a  small  effect  on  transference 
numbers.     The  calculation  can  be  made  in  two  ways,  either  by 
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combining  with  my  transference  numbers  the  conductivities  at 
extreme  dilution  of  the  K*  and  NO,'  ions,  which  have  been 
derived  by  Kohlrausch  through  a  consideration  of  the  transfer- 
ence numbers  and  the  molecular  conductivities  of  the  di-ionic 
salts  ;  or  by  combining  with  them  the  limiting  values  of  the 
equivalent  conductivities  of  potassium  sulphate  and  barium 
nitrate.  The  results  so  obtained  for  the  SO/'  and  Ba**  ions  can 
be  then  further  compared  with  Kohlrausch' s  values  which  were 
derived  by  a  combination  of  the  two  kinds  of  data  last  mentioned, 
without  reference  to  the  transference  number  of  any  tri-ionic  salt.* 
The  three  pairs  of  calculated  values  of  the  equivalent  conduc- 
tivities of  the  two  ions  are  given  below  in  the  order  in  which  they 
have  just  been  referred  to.  The  data  used  in  the  calculation  are 
the  transference  numbers  recorded  above  (0.4962  for  K^SO^  and 
0.4559  for  Ba(NOj),)  and  the  following  values  of  the  equivalent 
conductivity  expressed  in  reciprocal  ohms  at  extreme  dilution* : 
for  K*,  64.8;  for  NO,',  61.3;  for  KjSO^,  135.5;  and  for 
BaWO,);  1 19.3. 

I.     »  II.  III. 

SO/'  65.8  68.3  69.7 

Ba'"  51.4  54.4  57.3 

The  diflFerences  between  the  three  pairs  of  values  are  by  no 
means  inconsiderable.  In  the  case  of  the  Ba**  ion,  indeed,  the 
first  and  third  methods  of  calculation  give  results  differing  by 
over  10  per  cent.  Aside  from  serious  errors  in  the  experimental 
data,  these  differences  may  be  due  to  one  or  more  of  the  three 
following  causes  :  first,  error  in  the  conductivity  values  calcula- 
ted for  the  univalent  ions;  second,  error  in  the  extrapolated 
values  for  the  equivalent  conductivity  at  extreme  dilution  of  the 
tri-ionic  salts  ;  and  third,  inaccuracy  in  the  assumption  that  the 
transference  numbers  for  potassium  sulphate  and  barium  nitrate 
at  extreme  dilution  do  not  differ  much  from  those  found  in  0.02 
and  o.  I  molar  solution.  It  seems  very  improbable  that  any  one 
of  these  three  errors  can  be  large  enough  to  account  for  the  diver- 
gences ;  a  combination  of  them,  however,  may  possibly  do  so. 
In  the  absence  of  definite  information  in  regard  to  the  matter,  it 
seems  best  to  adopt  provisionally  the  values  given  in  column  II 

1  Wied.  Ann.,  66,  805. 

>  These  valnesare  those giveu  by  Kohlrausch,  Wied.  Ann.^  66,  795  and  819,  812  and  804. 


O.I 

0.05 

0.02 

o.ox 

K,SO, 
Ba(NO,), 

0571 
0.397 

0.557 
0.414 

0.534 
0.434 

0.522 

0.446 
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(SO/' =  68.3;  Ba'*  =  54.4)  which  are  the  ones  most  directly 
derived  from  experimental  data,  and  which  are  not  far  from 
the  means  of  the  other  two  pairs  of  values.  These  numbers  give 
for  the  equivalent  conductivities  of  potassium  sulphate  and 
barium  nitrate,  133.  i  and  115.7,  respectively,  while  Kohlrausch's 
extrapolated  values  are  135.5  and  11 9. 3.  In  this  connection  it 
should.be  pointed  out  that  in  Kohlrausch's  method  of  treatment 
of  tri-ionic  salts,  the  assumption  involved  that  the  conductivity  of 
bivalent  ions  decreases  with  nncreasing  concentration  more  rapidly 
than  that  of  the  univalent  ions  simultaneously  present,  is  entirely 
inconsistent  with  the  transference  results  on  potassium  sulphate 
and  barium  nitrate  presented  in  this  article.  This  is  shown  by 
the  following  transference  numbers  which  are  calculated  for  these 
two  salts  from  his  values  for  the  separate  ions  at  the  various  nor- 
mal concentrations  which  are  stated  below  in  the  head  line  : 

O.OOI 

0.499 

0.46^ 

It  is  certain  from  my  results  that  any  such  change  of  the  trans- 
ference numbers  with  the  concentration  is  out  of  the  question  in 
the  case  of  these  two  salts.  It  ought  to  be  added  that  Kohl- 
rausch  regarded  his  assumption  only  as  a  provisional  one,  having 
an  empirical  justification.  That  the  results  obtained  with  its 
help  were  at  all  satisfactory  is  probably  due,  first  to  the  fact  that 
the  compounds  considered  were  mostly  those  of  the  halogens,  and 
secondly,  to  the  large  errors  in  some  of  the  transference  numbers. 

It  is  impossible  to  utilize  the  transference  numbers  of  barium 
chloride,  as  was  done  with  those  of  the  nitrate,  for  the  calcula- 
tion of  the  conductivity  of  the  barium  ion,  since  the  transference 
number  of  the  former  salt  does  change  greatly  with  the  dilution. 
It  is  of  interest,  however,  to  make  the  converse  calculation  so  as 
to  compare  the  transference  number  calculated  for  extreme  dilu- 
tion with  that  found  at  the  concentrations  investigated.  Assu- 
ming as  above,  Ba"  =  54.4,  and  according  to  Kohlrausch,  CI'  = 
66.4,  the  transference  number  for  complete  dissociation  is  found 
to  be  0.450.  (Even  assuming  Kohlrausch' s  much  higher  value 
(57.3)  for  the  Ba"  ion,  the  transference  number  becomes  only 
0.464.)  The  value  found  for  a  0.02  molar  solution  was  0.442,  so 
that  the  change  produced  by  further  dilution  is  relatively  small. 
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At  this  concentration,  therefore,  the  complex  negative  ions  pres- 
ent in  considerable  quantity  in  more  concentrated  barium  chloride 
solutions  are,  for  the  most  part,  dissociated. 

In  closing,  I  desire  to  state  that  the.  accuracy  of  the  experi- 
ment;al  results  presented  in  this  article  are  to  be  attributed  in 
large  measure  to  the  analytical  skill  and  perseverance  of  my 
assistants,  Mr.  A.  A.  Blanchard  and  Mr.  G.  V.  Sammet. 
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By  a.  Bement. 

Received  October  ma,  1900. 

HAVING  experienced  considerable  trouble  in  using  the  Orsat 
gas  apparatus,  I  have  devised  a  modification  with  the  object 
of  removing  what  I  have  found  to  be  a  serious  and  troublesome 
fault. 

Fig.  I  will  illustrate  the  particular  difl&culty  in  question.  It  is 
that  of  the  usual  form  of  pipette  used  especially  for  the  caustic 
and  pyrogallate  reagents,  having  a  number  of  small  glass  tubes 
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inclosed  in  the  front  leg.  For  purpose  of  illustration  only  one  of 
these  tubes  is  shown  by  AA.  As  this  chamber  in  practice 
is  full  of  these  tubes,  it  necessarily  follows  that  one  of  them  must 
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be  in  the  center,  and  this  one  may,  and  often  does,  drop  down  in 
the  position  indicated  in  the  sketch.  The  resnlt  is  that  a  direct 
passage  from  A  down  through  the  tube  and  into  the  branch  B  is 
produced,  and  at  the  same  time,  the  outlet  from  the  other  tubes 
and  the  remainder  of  the  chamber  is  stopped  o£F,  leaving  the 
outlet  for  the  reagent  only  by  way  of  this  center  tube,  because  by 
its  junction  at  lower  A,  a  close  connection  is  made.  The  result 
is,  that  as  gas  enters  the  pipette  the  reagent  instead  of  uniformly 
receding  before  it  is  driven  down  the  center  tube,  and  this  con- 
dition may  exist  to  such  an  extent  that  the  reagent  is  driven  to 
the  point  B,  when  the  gas,  owing  to  its  lower  gravity,  will 
bubble  up  through  the  reagent,  as  shown,  and  escape  to  the 
atmosphere.  It  does  not  always  follow  that  this  center  tube  will 
make  as  close  a  junction  as  shown,  but  the  trouble  exists  to  a 
greater  or  less  degree  in  all  instruments.  I  have  found  cases 
where  it  required  a  period  of  fifteen  minutes  to  pass  the  gas 
sample  into  the  pipette,  and  have  known  of  frequent  errors 
caused  by  a  loss  of  gas  from  this  cause.  It  is,  of  course,  true 
that  if  sufficient  time  be  taken,  the  gas  may  be  worked  into  the 
pipette  without  loss,  but  it  is  certainly  desirable  and  important 
that  the  analysis  be  effected  with  as  little  trouble  as  possible,  and 
in  the  shortest  time  consistent  with  careful  work.  It  may  be 
observed  when  gas  is  passed  into  the  pipette  that  the  reagent 
does  not  recede  equally  before  it,  but  that  contained  in  the  center 
tube  may  drop  down  lower  than  the  surface  in  the  other  tubes. 
Likewise,  when  the  gas  is  withdrawn  the  reagent  returns  in 
greater  volume  by  way  of  the  center  tube,  and  will  rise  higher 
and  run  over  the  top. 

To  overcome  this  difficulty,  I  have  devised  the  pipette  shown 
in  Fig.  2,  which  prevents  the  tubes  dropping  down  into  the 
outlet  by  interposing  a  glass  disk  with  corrugated  edge,  as 
shown  in  Fig.  3.  This  not  only  affords  a  support  but  allows  a 
free  passage  of  larger  area  from  each  tube  to  the  connecting 
branch,  as  the  depressed  edges  of  the  disk  rest  on  the  bottom  of 
the  pipette  chamber,  leavipg  ample  passage  between  the  corru- 
gations. The  connecting  passage  may  also  be  made  larger, 
thereby  affording  opportunity  for  the  quick  passage  of  the 
reagent,  and  shortening  the  time  required  for  absorption. 

Chicago,  October  18,  1900. 
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PROCBBDINGS  OF  THB  THIRD  SESSION  OP  THE   INTER  NATION  AI, 

COMMISSION    FOR    UNIFORM    METHODS    OF    SUGAR 

ANAI^YSIS,  HELD  IN  PARIS,  JULY  24,  I90O. 

Participants  of  the  convention  were  : 

Prof.  Dr.  A.  Herzfeld,  chairman. 

Prof.  Dr.  Brodhun,  delegate  of  the  Imperial  Physical-Technical 
Institute,  Berlin. 

Regierungsrat  Dr.  von  Buchka,  delegate  of  the  Imperial 
Institute  of  Hygiene,  Berlin. 

Mr.  Camuset,  chairman  of  the  Technical  Commission  of  the 
Syndicate  of  French  Sugar  Manufacturers. 

Dr.  Hermann,  of  the  laboratory  of  Dr.  Alberti  and  Hempel, 
Hamburg. 

Mr.  Frangois  Herles,  trade-chemist,  Prague. 

Mr.  A.  Jobin,  Paris. 

Mr.  Frangois  Sachs,  Brussels. 

Mr.  Saillard,  chemist  of  the  Chambre  Syndicate  des  Fabricants 
de  Sucre,  France. 

Regierungsrat  F.  Strohmer,  delegate  of  the  Association  for  the 
Beet-Sugar  Industry  in  Austria-Hungary. 

Mr.  van  Voss,  chairman  of  the  Association  of  Dutch  Sugar- 
Manufacturers. 

Dr.  Otto  Wendel,  of  the  laboratory  of  Dr.  Hugo  Schulz, 
Magdeburg. 

Dr.  F.  G.  Wiechmann,  delegate  of  the  American  Sugar 
Refining  Company,  New  York. 

Dr.  H.  W.  Wiley,  chief  chemist,  Department  of  Agriculture, 
Washington,  D.  C. 

Dr.  Heinrich  Winter,  Java. 

The  chairman  opened  the  session  on  July  24,  1900,  in  the  large 
hall  of  the  Chambre  Syndicale  des  Fabricants  de  Sucre  de 
France,  welcomed  those  present  and  expressed  special  thanks  to 
the  Chambre  Syndicale  des  Fabricants  de  Sucre  de  France  for  the 
hospitable  reception  as  well  as  for  having  delegated  Mons.  Camuset 
to  the  meeting  of  the  commission. 

Messrs.  Bunge,  Kiew,  Van  Ekenstein,  Amsterdam,  Nevoid, 
Prague,  and  Dupont,  Paris,  requested  that  their  absence  be  excused. 

After  the  chairman  had  given  a  short  r^sum^  of  the  origin,  as 
well  as  of  the  prior  work  of  the  commission,  he  requested 
Messrs.  Saillard  and  Wiechmann  to  again  undertake  the  editing 
of  the  French  and  the  English  text  of  the  Proceedings,  which 
both  gentiemen  willingly  agreed  to  do. 
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Referring  to  the  prior  written  communication,  the  chairman 
then  once  more  put  before  the  commission  the  question:  Which 
normal  weight  should  be  valid  for  the  German  instruments,  when 
using  the  metric  flask?  As  is  well  known,  the  Imperial  Physical- 
Technical  Institute  has  called  attention,  by  its  communication 
dated  October  19,  1898,  to  the  fact,  that  an  exact  conversion  of 
the  normal  weight  26.048  grams  for  Mohr's  cubic  centimeters  at 
'7-5°  C.,  corresponds  to  26.01  grams  (not  26.00),  metric  volume, 
at  20°  C,  determined  in  air,  with  brass  weights. 

**The  Commission  decides  that,  in  consideration  of  the 
insignificance  of  the  deviation,  the  normal  weight  of  26.00  grams 
shall  henceforth  be  adopted  for  100  metric  cubic  centimeters,  at 
20°  C,  determined  in  air  with  brass  weights.*' 

Mr.  Wiley  then  spoke  of  the  results  of  his  researches  concern- 
ing the  influence  of  temperature  on  the  polarization  of  sugar  ; 
his  remarks  are  given  in  the  Vereins-zeitschrift, 

This  was  followed  by  a  communication  by  Mr.  Wiechmann,  of 
New  York,  concerning  the  influence  of  temperature  on  the 
specific  rotation  of  sugar,  an  abstract  of  his  publication  appearing 
in  the  Zeitschrift  des  Vereins  der  Deutschen  Zucker-industrie, 

A  long  discussion  bearing  on  the  substance  of  the  two  lectures 
followed,  in  which  Professor  Dr.  Brodhun  removed  some  wrong 
conceptions  which  some  of  those  present  had  entertained,  con- 
cerning the  experimental  basis  of  the  lectures,  and  especially  con- 
cerning the  researches  which  the  Imperial  Physical-Technical 
Institute  at  Berlin  had  made  on  the  same  subject. 

Mr.  Pellat  was  unable  to  be  present  on  the  day  of  the  session  ; 
the  commission  therefore  agreed  to  be  present  at  his  lecture, 
Friday,  July  27,  1900,  in  the  session  of  Section  V,  of  the  Con- 
gress for  Applied  Chemistry,  as  Mr.  Pellat  intended  to  give  his 
lecture  on  the  day  and  at  the  place  named. 

Mr.  Jobin  reported  that  he  himself  had  not  made  personal 
investigations  regarding  the  influence  of  temperature  on 
polariscopic  instruments;  he  referred  solely  to  his  earlier  pub- 
lication on  this  subject,  as  well  as  to  the  coming  lecture  of  Mr. 
Pellat.  Mr.  Jobin  discussed  the  errors  with  which  instruments 
provided  with  quartz- wedge  compensations  are  burdened;  this 
gave  rise  to  a  longer  discussion. 

Then  Professor  Dr.  Herzfeld  made  a  brief  report  on  the  results 
of  the  examination  of  quartz  plates,  concerning  which  a  full  report 
will  be  found  in  the  Vereins-zeitschrift,  The  commission  agrees 
that  these  quartz  plates  shall  be  divided  among  the  nations 
represented  ;  for  the  United  States,  the  quartz  plates  are  to  be 
sent  to  the  Department  of  Agriculture,  at  Washington;  for  France, 
to  the  syndicate  of  the  sugar  manufacturers ;  for  Belgium, 
Holland,    Austria-Hungary,   and  Russia,  to  the  associations  of 
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sugar  manufacturers  which  are  represented  in  the  session  by 
delegates. 

The  session  was  then  adjourned  for  lunch,  and  reopened  at  2 
o'clock  in  the  afternoon  of  the  same  day. 

AFTERNOON  .SESSION. 

Herr  Regierungsrat  Strohmer  delivered  his  lecture  on  a  uniform 
method  of  sugar  analysis  for  international  trade,  and  submitted, 
as  a  basis  for  the  same,  the  agreement  which  the  Austro- 
Hungarian  chemists  had  last  reached  in  their  convention,  June 
22,  1896,  at  Budapest.  Mr.  Strohmer  proposed  to  accept  these 
resolutions,  with  certain  deviations,  as  a  basis  of  the  international 
agreement,  and  suggested  for  this  purpose  the  separate  dis- 
cussion of  the  different  topics.  The  convention  agreed  to  do  this, 
but  first  of  all  considered  it  necessary  to  establish  general  prin- 
ciples for  the  adjustment  of  polariscopic  instruments,  as  well  as 
for  the  avoidance  of  errors  caused  by  the  influence  of  tem- 
perature. 

On  motion  of  Messrs.  Camuset  and  Saillard,  first  of  all,  the 
following  was  adopted : 

**  The  convention  declares  it  to  be  necessary  that  the  rotation  of 
cEemically  pure  sugar  be  accepted  as  the  fundamental  basis  in 
saccharimetry . '  * 

The  chemically  pure  sugar  which  is  to  be  employed  for  this  pur- 
pose shall  everywhere  be  prepared  according  to  the  same  method^ 
which  is  as  follows  {method  of  the  English  chemists^ : 

Purest  commercial  sugar  is  to  be  further  purified  in  the  follow- 
ing manner :  A  hot  saturated  aqueous  solution  is  prepared  and 
the  sugar  precipitated  with  absolute  ethyl  alcohol ;  the  sugar  is 
carefully  spun  in  a  small,  centrifugal  machine  and  washed  in  the 
latter  with  some  alcohol.  The  sugar  thus  obtained  is  redissolved 
in  water,  again  the  saturated  solution  is  precipitated  with  alcohol 
and  spun  and  washed  as  above.  The  product  of  the  second 
centrif ugaling  is  dried  between  blotting-paper  and  preserved  in 
glass  vessels  for  use.  The  moisture  still  contained  in  the  sugar 
is  determined  and  taken  into  account  when  weighing  the  sugar 
which  is  to  be  used. 

The  convention  furthermore  decided  that  central  stations  shall 
be  designated  in  each  country  which  are  to  be  charged  with  the 
preparation  and  the  distribution  of  chemically  pftre  sugar. 
Wherever  this  arrangement  is  not  feasible,  quartz  plates,  the 
values  of  which  have  been  determined  by  means  of  chemically 
pure  sugar,  shall  serve  for  the  control  of  the  saccharimeters. 

Mention  should  be  made  of  the  fact  that  in  the  discussion  on 
this  topic,  it  was  remarked,  on  the  one  hand,  that  the  preparation 
of  chemically  pure  sugar  is  not  an  easy  task,  and  that  in  countries 


62  REVIEW. 

having  hot  climates,  sugar  is  dried  with  difficulty  and  hence  is 
not  stable,  and  hardly  available  for  transportation.  Thereupon 
it  was  pointed  out  that  the  above  control,  by  means  of  chemically 
pure  sugar,  should,  as  a  rule,  apply  only  to  the  central  stations 
which  are  to  test  the  correctness  of  saccharimeters  ;  for  those 
who  execute  commercial  analyses,  the  repeated  control  of  the 
instruments  is  to  be  accomplished,  now  as  before,  by  means  of 
quartz  plates. 

Concerning  the  working  temperature  the  following  resolution 
of  Mr.  Frangois  Sachs  was  unanimously  adopted  : 

* '  In  general,  all  sugar  tests  shall  be  made  at  20°  C. 

**The  adjustment  of  the  saccharimeter  shall  be  made  at  20°  C; 
one  dissolves  for  instruments  arranged  for  the  German  normal 
weight,  26  grams  of  pure  sugar  in  a  100  metric  cubic  centi- 
meters flask,*  weighing  to  be  made  in  air,  with  brass  weights,  and 
polarizes  the  solution  in  a  room,  the  temperature  of  which  is  also 
20^  C;  under  these  conditions,  the  instrument  must  indicate 
exactly  100.00. 

**The  temperature  of  all  sugar  solutions  to  be  tested  is  always  to 
be  kept  at  20°  C,  while  they  are  being  prepared,  and  while  they 
are  being  polarized. 

*' However,  for  those  countries,  the  temperature  of  which,  is 
generally  higher,  it  is  permissible  that  the  saccharimeters  be 
adjusted  at  30°C.  (or  at  any  other  suitable  temperature)  under 
the  conditions  specified  above  and  providing  that  the  analyses 
of  sugar  be  made  at  that  same  temperature.'* 

Objections  were  raised  against  the  universal  normal  weight, 
20.00  grams,  by  Mr.  Francois  Sachs  as  well  as  by  Mr.  Strohmer. 
In  consequence,  it  was  resolved  not  to  undertake  the  introduction 
of  the  same,  but  to  adopt  the  resolution : 

The  general  international  introduction  of  a  uniform  normal 
weight  is  desirable. 

It  was  furthermore  resolved,  on  the  basis  of  the  proposition  of 
Mr.  Strohmer,  to  observe  the  following  rules  in  raw  sugar  analysis, 

I.    POLARIZATION. 

•  *  In  effecting  the  polarization  of  substances  containing  sugar, 
half-shade  instruments  only  are  to  be  employed. 

**  During  the  observation,  the  apparatus  must  be  in  a  fixed, 
unchangeable  position,  and  so  far  removed  from  the  source  of 
light  that  ^he  polarizing  Nicol  is  not  warmed  by  the  same. 

*'  As  source  of  light  there  are  to  be  recommended,  lamps  with 
intense  flame  (gas  triple  burner,  with  metallic  cylinder,  lens,  and 
reflector  ;  gas  lamp,  with  Auer  burner  ;  electric  lamp ;  petroleum 
duplex  lamp ;  sodium  light). 

1  Or  during  the  period  of  transition  26.048  grams  in  100  Mohr's  cubic  centimeters. 
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"  The  chemist  must  satisfy  himself ,  before  and  after  the  obser- 
vation, of  the  correctness  of  the  apparatus  (by  means  of  correct 
quartz  plates) ,  and  in  regard  to  the  constancy  of  the  light ;  he 
must  also  satisfy  himself  as  to  the  correctness  of  the  weights,  of 
the  polarization  flasks,  the  observation  tubes,  and  the  cover 
glasses.      (Scratched  cover  glasses  must  not  be  used.) 

**  Several  readings  are  to  be  made  and  the  mean  thereof  taken, 
but  any  one  individual  reading  must  not  be  selected. 

POLARIZATION  OF  RAW  SUGAR. 

**To  make  a  polarization,  the  whole  normal  weight  for  100  cubic 
centimeters  is  to  be  used,  or  a  multiple  thereof  for  any  corre- 
sponding volume. 

**As  clarifying  and  decolorizing  reagents  there  maybe  used: 
sub-acetate  of  lead,  prepared  according  to  the  '  Pharm.  Germ.* 
(three  parts  by  weight  of  acetate  of  lead,  one  part  by  weight  of 
oxide  of  lead,  ten  parts  by  weight  of  water),  Scheibler's  alumina 
cream,  concentrated  solution  of  alum.  Boneblack  and  decolor- 
izing po^^ders  are  to  be  absolutely  excluded. 

**  After  bringing  the  solution  exactly  to  the  mark,  and  after 
wiping  out  the  neck  of  the  flask  with  filter-paper,  all  of  the  well 
shaken,  clarified  sugar  solution  is  poured  upon  a  dry,  rapidly 
filtering  filter.  The  first  portions  of  the  filtrate  are  to  be  thrown 
away,  and  the  balance,  which  must  be  perfectly  clear,  is  to  be 
used  for  polarization. 

WATER. 

'''In  normal  beet-sugars  the  water  determination  is  to  be  made 
at  105°  to  iio^  C. 

*'For  abnormal  beet-sugars,  as  well  as  for  colonial  sugars,  there 
is  no  commercial  method  for  the  determination  of  water. 

ASH. 

*  *To  determine  the  ash-content  in  raw  sugars,  the  determination 
is  to  be  made  according  to  Scheibler's  method  employing  pure 
concentrated  sulphuric  add.  For  an  ash  determination,  at  least 
3  grams  of  the  sample  are  to  be  used.  The  incineration  is  to  be 
carried  out  in  platinum  dishes,  by  means  of  platinum  or  day 
muffles,  at  the  lowest  possible  temperature  (not  above  750®  C). 

*' From  the  weight  of  the  sulphate-ash  thus  obtained,  10  per 
cent,  are  to  be  deducted,  and  the  ash-content,  thus  corrected,  is  to 
be  recorded  in  the  certificate. 

AI^KAUNITY. 

**As,  according  to  the  most  recent  investigations,  the  alkalinity 
of  raw  sugars  is  not  always  a  criterion  of  their  durabihty,  the 
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commission  abstains  from  proposing  definite  directions  for  the 
execution  of  these  investigations. 

INVERT   SUGAR. 

*  *The  quantitative  determination  of  invert  sugar  in  raw  sugars  is 
to  be  made  according  to  the  method  of  Dr.  A.  Herzfeld 
{Zeitschrift  des  Vereinsfur  die  Ritbenzuckerindustrie  des  Deutschen 
ReicheSy  1886,  pp,  6  and  7),'* 

Furthermore  the  following  resolutions  were  adopted : 

**  The  commission  declares  that  only  well-closed  glass  vessels 
will  insure  the  stability  of  samples. 

' '  To  obtain  correct  results  it  is  desirable  that  the  samples  con- 
tain at  least  200  grams  of  material.'* 

All  of  the  above  resolutions  were  adopted  unanimously  by  those 
present. 

The  chairman  then  declared  that  he  considered  the  work  of 
the  commission  completed,  and  he  requested  the  convention  to 
authorize  him  to  prepare  and  to  accept  the  protocol,  and  there- 
upon to  declare  the  commission  dissolved. 

Mr.  Wiley,  however,  stated  that  he  considered  it  necessary 
that  the  commission  be  made  a  permanent  one.  He  proposed 
that  Mr.  Herzfeld  be  again  elected  chairman.  This  resolution 
was  unanimously  carried. 

After  Mr.  Wiechmann  had  expressed  the  thanks  of  those 
assembled,  to  the  chairman,  the  session  was  closed. 

FRIDAY,  JUI<Y  27,   1900. 

The  members  of  the  commission,  in  accordance  with  the 
resolutions  adopted  on  Tuesday  forenoon,  attended  the  session  of 
Section  V,  of  the  International  Congress  for  Applied  Chemistry, 
and  there  heard  the  lecture  of  Mr.  Pellat  on  the  **  Influence  of 
Temperature  on  the  Specific  Rotation  of  Sugar." 

F.  G.  Wiechmann,  Secretary. 


NOTE. 

Estimation  of  Fat  in  Sweetened  Condensed  Milk. — In  the 
Journal  for  October,  1900,  appears  an  article  by  J.  F.  Geisler, 
on  *'  The  Estimation  of  Fat  in  Sweetened  Condensed  Milk,**  in 
which  reference  is  made  to  **  A  Method  of  Analysis  for  Canned 
Condensed  Milk*'^  wherein  the  results  are  stated  to  be  *'so 
utterly  out  of  harmony  with  the  composition  of  commercial  con- 
densed milk,  etc. , ' '  that  I  feel  it  only  proper  to  call  attention  to 
the  eight  determinations  obtained  by  my  critic  in  extracting  the 

1  This  Journal  ai,  439  (1899). 
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fat  with  petroleum  ether,  and  **  ether-petroleum  ether  ** — results 
langmg  from  8.31  to  8.468  per  cent,  which,  while  approaching 
some  of  my  own  results,  are  still  somewhat  lower  than  might  be 
expected  after  the  painstaking  methods  of  extraction. 

As  to  the  statement  that,  '*In  the  writer's  experience,  it  is 
the  rare  exception  rather  than  the  rule,  for  condensed  milks  to 
contain  less  than  a  proportion  of  25  per  cent,  of  fat  in  the  milk 
solids,"  it  would  seem  that  such  experience  is  not  exactly  in 
harmony  with  some  of  the  recognized  authorities  ;  for  it  is  only 
necessary  to  refer  to  the  article  by  T.  H.  Pearmain  and 
C.  G.  Moor^  where  several  analyses  are  given  in  which  the  fat  is 
less  than  2  per  cent,  of  the  whole,  or  less  than  7  per  cent,  of  the 
milk  solids. 

Moreover,  the  highest  result,  8.468  per  cent,  fat,  as  given  in 
the  article  by  J.  F.  Geisler,  would  be  by  calculation  25  per  cent, 
of  33.87  per  cent,  milk  solids, — a  result  decidedly  lower 
than  the  usual  percentage  of  milk  solids  in  condensed  milk, 
judging  from  the  published  analyses  of  Leffmann  and  Beam, 
T.  H.  Pearmain  and  C.  G.  Moor. 

Hence  the  possibility,  in  view  of  the  omission  to  state  the 
total  solids  and  cane-sugar,  that  my  critic  may  have  proved  the 
rare  exception  in  his  experience  by  obtaining  fat  proportionately 
less  than  25  per  cent,  of  the  milk  solids. 

I  have  taken  this  opportunity  to  make  the  above  statements, 
because  of  the  criticism  offered,  before  the  general  meeting  of 
the  Society  in  June,  when  I  was  unable  to  attend. 

Frkderic  S.  Hyde. 
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Victor  von  Richtkr's  Text  Book  of  Inorganic  Chemistry.    Edited 

BY  PROr.    H.  Kl^INGER.      AUTHORIZED     TRANSI^ATION,      BY    EdGAR    F. 

Smith.  Assisted  by  Walter  T.  Taggart.  Fifth  American,  from  the 
tenth  German  edition,  carefuUy  revised  and  corrected.  Philadelphia: 
P.  Blakiston's  Son  &  Co.     1900.    xii  -f  430  pp.     Price,  |i.75' 

The  recent  edition  of  von  Richter's  inorganic  chemistry,  trans- 
lated bj'  Professor  Smith  sustains  the  reputation  of  former 
editions  in  containing  a  large  amount  of  subject-matter  in  a 
limited  space,  and  in  presenting  the  most  recent  additions  to  the 

I  Analyst,  ao,  268. 
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knowledge  of  this  subject.  The  arrangement  of  the  present 
edition  is  based  on  the  periodic  system  of  Mendelejeff  and  Lothar 
Meyer,  and  it  presents  a  logical  sequence  of  fact  and  theory 
according  to  the  inductive  method.  The  book  is  considerably 
enlarged  from  former  editions  by  the  introduction  of  chapters  on 
the  periodic  law,  relations  of  chemical  afi&nity,  and  a  brief  state- 
ment of  the  theories  of  solubility  and  thermochemical  phenomena. 
These  are  useful  additions  since  training  in  elementary  chemistry 
cannot  now  be  considered  complete  unless  these  recent  concep- 
tions of  chemical  theory  receive  some  attention. 

The  introduction  seems  a  little  heavy  for  a  beginner,  but  for 
the  best  use  with  beginners  as  with  any  good  text-book  much 
depends  on  the  skill  and  faithfulness  of  the  teacher.  For  rapid 
advance,  it  is  essential  that  the  student  gain  a  clear  idea  as  to 
what  chemistry  is  before  proceeding  to  the  study  of  facts  and 
phenomena.  Doubtless  this  is  best  accomplished  by  a  brief  pre- 
liminary statement  of  elementary  principles,  illustrated  by  experi- 
ments to  be  performed  by  the  student. 

This  edition  appears  at  an  opportune  moment,  and  it  will 
doubtless  meet  with  the  favor  it  deserves. 

Chari.ES  F.  Mabery. 

The  £i«embnts  of  Physics.    By  Henry  Crew.    Second  edition,    xvi  + 
353  PP-     ^^^  York:  The  Macmillan  Company.    1900.  Price,  bound,  $1.10. 

In  the  preface  to  the  first  edition,  the  author  said  :  **  Physics 
is  not  a  series  of  disconnected  subjects,  including  mechanics, 
sound,  light,  heat,  and  electricity.  It  is,  on  the  contrary,  a  body 
of  well-organized  truth,  forming  one  great  whole.  *  *  *  A 
science  covering  fields  apparently  so  diverse,  yet  so  intimately 
connected,  demands  an  elementary  treatment  which  shall  be 
rigidly  consecutive. '  * 

The  more  importatnt  changes  from  the  first  edition  are  the 
following  :  **  All  use  of  the  method  of  limits,  either  for  defining 
physical  quantities  or  for  other  purposes,  has  been  abandoned. 
All  Greek  letters,  except  ?r,  have  been  replaced  by  English 
symbols.  All  use  of  trigonometrical  functions  has  been  given 
up.'' 

These  changes  are  good  ones  from  the  point  of  view  of  the 
teacher  of  physics.  On  the  other  hand,  the  student  would 
certainly  find  his  calculus  come  easier  if  he  saw  from  the  start 
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the  advantage  of  the  differential  notation.  A  bright  boy  sees  at 
once  that  algebra  is  an  improvement  over  arithmetic,  but  he  does 
not  see  the  advantages  of  the  calculus  at  the  time  when  he  is 
stud3ring  the  subject.  It  seems  as  though  the  teacher  of  physics 
might  with  profit,  present  his  subject  so  that  the  student  would 
feel  the  need  of  more  advanced  mathematics.  This,  however,  is 
a  debatable  question,  and  the  author  has  the  argument  of 
experience  on  his  side.     His  book  is  certainly  a  good  one. 

Wilder  D.  Bancroft. 

L*Eau  DiLNS  L'iNDusTRiE.    Par  H,  De  I.A  Coux.    Paris.    V    Ch.  Dunod, 
Editeur.    49  Quai  des  Grands- Augustins.     1900.    Price,  15  francs. 

As  the  name  **  water  in  the  industry  *'  (or  industrial  arts) 
indicates,  this  work  by  M.  Dela  Coux,  a  chemical  engineer  and 
professor  of  industrial  chemistry  for  the  Polytechnic  Association 
in  Paris,  takes  up  the  several  questions  connected  with  the 
utihzation  of  water,  natural  and  acquired  impurities,  and  the 
means  for  removing  the  same,  and  lastly  the  methods  of  testing 
and  analysis.  The  scheme  of  treatment  is  reasonably  compre- 
hensive, and  in  some  portions  is  very  adequately  and  fully 
developed,  and  in  others,  not  so  completely  as  in  other  works 
already  available. 

The  distinctive  characters  and  diflFerences  of  composition  of  the 
various  classes  of  natural  waters  are  first  stated,  and  the  solubility 
of  certain  salts  in  water  considered  from  the  industrial  point  of 
view  ;  as  for  example,  the  effects  on  the  boiling  of  water. 

The  next  section  on  the  use  of  water  in  boilers  and  for  the 
raising  of  steam,  the  difficulties  from  the  development  of  incrusta- 
tion and  so-called  * 'boiler-scale,**  the  remedies  and  means  of 
removal  of  incrustations,  both  mechanical  and  chemical,  is  very 
full  and  satisfactory  in  its  treatment.  Not  only  are  the  several 
chemical  salts  which  have  proved  of  value  as  scale-removing 
materials  discussed  separately,  but  the  calculations  given  by 
which  (the  extent  of  the  impurity  in  the  water  being  known)  the 
amount  of  correction  needed  may  be  ascertained.  The  means  of 
purifying  mine  waters  and  salt  water  to  make  them  available  for 
boiler  purposes  is  also  very  thoroughly  covered. 

The  employment  of  water  in  special  industries  is  then  noted 
and  the  requirements  and  conditions  of  purity  in  each  discussed. 
Thus,  the  use  of  water  in  the  textile  and  tinctorial  industries,  in 
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tanning,  in  the  preparation  of  tanning  and  dye-wood  extracts,  in 
paper-making,  in  sugar  refining,  in  brewing  and  distilling,  in  ice 
manufacture  and  for  alimentary  preparations  are  all  referred  to, 
and  the  special  requirements  stated. 

The  question  of  the  general  purification  of  water  by  chemical 
treatment,  by  filtration  and  sterilization  is  also  treated,  although 
somewhat  from  the  standpoint  of  French  methods  and  with  very 
Uttle  mention  of  the  experimental  work  done  in  England  and 
Germany. 

The  treatment  and  purification  of  waste  waters  from  various 
industrial  operations  is  then  discussed,  mention  being  made 
specially  of  the  waste-waters  from  beet-sugar  refineries,  from  dye 
works,  and  from  works  yielding  soapy  or  greasy  residual  waters. 
The  recovery  of  glycerine  from  the  soap-maker's  waste  lyes  is 
also  referred  to.  This  section  is,  however,  not  so  broadly  con- 
ceived or  handled  as  is  done  in  Konig's  well-known  work  :  *'  Die 
Verunreinigung  der  Gewasser,  deren  schadlichen  Folgen,  sowie 
die  Reinigung  von  Trink  and  Schmutz  wasser,*'  the  second 
edition  of  which  appeared  last  year  in  two  volumes. 

The  chemical  analysis  of  water,  both  qualitative  and  quan- 
titative, forms  the  subject  of  the  last  section  of  the  work  and  is 
reasonably  full,  although  not  comparable  with  books  like 
Tiemann-Gartner,  and  special  American  works  on  this  branch. 

The  book,  however,  in  the  compass  of  496  pages,  covers  a  wide 
range  of  topics  and  on  the  whole,  quite  satisfactorily. 

Samuel  P.  Sadtler. 
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IT  has  been  well  said  that  chemistry  is  an  offspring  of  the  nine- 
teenth century.  The  closing  years  of  the  eighteenth  century 
had  some  glimpses  of  the  wonders  the  new  science  had  in  store, 
but  it  remained  for  the  workers  of  the  first  decade  of  the  nine- 
teenth to  collaborate  the  results  obtained  by  their  immediate 
predecessors  and  develop  the  new  truths  which  finally  established 
the  foundation  of  the  glorious  structure,  which  has  now  grown  so 
great.  During  this  period,  human  necessities  were  in  every  way 
augmented  and  particularly  in  France,  claimed  to  be  the  father- 
land of  our  science,  human  ingenuity  was  sorelj'  taxed  to  meet 
these  needs. 

The  struggle  to  find  ways  and  means  stimulated  the  energies 
and  increased  the  zeal  of  the  searchers  after  truth,  and  the  utili- 
tarian quest,  as  is  always  inevitable,  brought  forth  results  of 
interest  and  value  above  and  beyond  the  actual  needs,  furnished 
data  upon  which  are  based  the  most  important  and  fundamental 
laws  of  the  science,  and  firmly  established  many  of  the  most 
important  of  our  industries.     The  labors  of  the  chemists  of  the 

1  Presidential  address  delivered  at  the  Chicago  meeting  of  the  American  Chemical 
Society,  December  27,  1900. 
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last  decade  of  the  closing  century  had  cleared  away  the  haze 
which  surrounded  and  covered  the  truths  already  developed  and 
opened  the  way  for  further  promotion  of  the  newly  bom  science. 
Lavoisier  had  led  by  the  introduction  of  systematic  and  accurate 
observation  and  record,  to  the  crystallization  of  what  had  so  far 
concentrated,  and  his  associates,  imbued  with  his  spirit  and 
inspired  by  his  genius,  were  ready  and  willing  to  carry  forward 
what  he  had  so  nobly  begun. 

And  so  the  science  was  launched.  How  it  has  progressed  dur- 
ing the  century  now  closing  has  been  told  in  many  ways  by  many 
men  and  the  history  seems  ever  new.  New  laws  and  new  truths 
found  applications  in  the  industries  and  increased  the  material 
wealth  and  the  industries  in  turn  furnished  the  material,  the 
data,  the  incentive,  for  much  of  the  additional  investigation 
necessary  to  the  development  of  the  further  laws. 

The  activity  of  the  last  decade  of  the  last  century  has  its  coun- 
terpart in  that  of  the  century  just  closing.  If  the  former  century 
established  the  foundations,  the  closing  century  has  furnished  a 
superstructure  worthy  of  the  great  minds  who  began  the  work. 
And  whether  we  consider  the  later  achievements  from  the  side  of 
abstract  science  or  from  that  of  the  applications  of  the  great  laws 
to  the  material  needs  the  glory  is  equally  manifest  and  the  won- 
der no  less  'profound.  Whether  we  consider  argon  and  helium, 
neon,  kr5rpton,  and  xenon,  and  the  beautiful  researches  which  led 
to  their  discovery,  polonium  and  radium,  and  their  remarkable 
properties,  the  Roentgen  reactions  or  the  liquefied  gases,  and  the 
attainment  of  the  almost  lowest  limit  of  low  temperatures,  or  the 
wonderful  advances  in  illumination,  the  production  of  high  tem- 
peratures in  the  electric  furnace,  the  development  of  new  com- 
pounds and  forms  of  matter  through  the  aid  of  these  tempera- 
tures, the  applications  of  high  electric  tensions  to  the  production 
of  new  reactions,  even  those  most  familiar  with  them  must  feel 
the  influence  of  the  mighty  strides  and  look  into  the  future  with 
enthusiastic  hope. 

The  interest  manifested  in  the  new  science  in  the  old  world  was 
quickly  extended  to  the  new  and  it  found  most  active  lodgment 
here.  Students  and  associates  of  Black  in  Scotland,  Fothergill 
in  England,  and  of  the  French  chemists  of  the  last  quarter  of  the 
century  in  Paris,  started  the  work  and  the  names  of  Rush,  Hutch- 
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inson,  Woodhouse,  McLean,  Franklin,  Rumford,  Priestley,  Silli- 
man,  Hare,  Seybert,  Norton,  Dana,  and  others,  will  ever  find 
affectionate  memories  in  the  minds  of  the  chemists  of  America. 
What  these  men  started  has  been  actively  developed  by  those 
who  followed  them,  until  to-day  the  science  and  its  applications 
find  more  actual  workers  in  our  country  than  is  to  be  found  in 
any  other  country  within  the  bounds  of  civilization. 

The  first  half  of  the  century  had  comparatively  few  men  in  the 
United  States  who  could  be  classed  as  working  chemists.  Chem- 
istry had,  it  is  true,  been  taught  in  a  way  in  many  of  the  colleges. 
But  systematic  work,  as  we  know  it  to-day  in  many  of  the  insti- 
tutions of  learning,  was  practically  unknown.  Those  who  felt  the 
special  need  of,  and  had  a  desire  for,  such  instruction,  w^ere  con- 
strained to  seek  the  facilities  in  other  lands,  until  generous  and 
at  the  same  time  practical  men,  such  as  Lawrence,  Sheffield, 
Packer,  Pardee,  and  Harrison,  with  enterprising  eyes  and  prophetic 
vision,  saw  the  advantages  to  be  derived  from  the  further  develop- 
ment of  the  sciences  and  provided  the  means  whereby  well  furnished 
laboratories  could  be  opened  up  and  facilities  for  the  profound 
study  of  the  science  could  be  made  possible.  But  the  industrial 
needs  of  the  country  for  more  exact  knowledge  of  the  natural 
laws  extended  beyond  private  munificence  and  the  national  legis- 
latures early  recognized  the  importance  of  the  better  education  of 
those  who  must  manage  the  rapidly  growing  industries.  The 
successful  efforts  of  the  late  Senator  Justin  S.  Morrill  and  his 
associates  in  securing  the  enactment  of  the  law,  which  provided 
for  the  establishment  in  each  state  of  an  institution  for  study  of 
agriculture  and  the  mechanic  arts,  is  well  known  and  will 
always  be  gratefully  remembered.  No  less  important  were  the 
efforts  of  the  late  Mr.  Hatch,  of  Missouri,  who  labored  so  earnestly 
and  eventually  so  successfully  for  the  establishment  of  the  state 
agricultural  experiment  stations.  There  can  be  no  question  that 
nothing  has  done  more  for  the  promotion  of  the  science  of  chem- 
istry and  its  applications  than  the  acts  of  these  great  captains  of 
industry  and  legislation.  We  shall  not  forget  further  the  won- 
derful benefactions  of  Johns  Hopkins,  Clark,  Case,  Rose, 
Rockefeller,  Stanford,  Schermerhom,  Havemeyer,  Fayerweather, 
Carnegie,    and   others,   who  have  furnished,    through    splendid 
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munificence,  the  magnificent  facilities  not  only  for  instruction  in 
the  science  but  for  abstract  research  as  well. 

The  science  received  splendid  impulse  and  inspiration  in  the 
meeting  at  the  grave  of  Priestley,  in  1874.  It  brought  the  chem- 
ists of  the  country,  then  comparatively  few  in  number,  together 
and  established  the  bond  of  good  fellowship  and  scientific  sympa- 
thy, always  so  necessary  to  true  progress.  The  most  important 
outcome  of  this  most  important  gathering  was  the  organization 
of  our  own  Society.  In  his  address  delivered  at  that  meeting, 
Professor  Benjamin  Silliman  named  85  chemists  who  had  con- 
tributed to  the  advancement  of  the  science  in  the  United 
States  at  that  time. 

In  1876,  the  American  Chemical  Society  was  organized  and 
during  the  year  enrolled  230  members,  of  whom  190  were  profes- 
sional chemists.  The  impulse  given  in  Northumberland  was 
effective,  the  example  of  a  few  devoted  and  public-spirited  men 
was  followed,  and  though  a  period  of  almost  fifteen  years  was 
requisite  to  the  ultimate  firm  establishment  of  the  work  of  the 
organization  and  the  integrity  of  the  Society  itself,  the  great  aims 
of  its  founders  to  secure  the  harmonious  and  thorough  organiza- 
tion of  all  the  chemists  of  the  country  finally  prevailed.  The 
Society  has  continued  to  increase  in  membership  and  influence,  until 
at  the  present  time  thirteen  local  sections  have  been  established  in 
various  parts  of  the  country  all  actively  working,  and  at  least  six 
of  them  holding  monthly  meetings  during  all  but  the  summer 
months,  for  such  scientific  intercourse  and  discussion  as  cannot 
fail  to  be  fruitful  in  the  promotion  of  the  science.  The  roll  of 
membership  now  contains  about  1750  names  and  while  this  rep- 
resents but  a  small  proportion  of  the  working  chemists  of  the  coun- 
try, its  growth  henceforward  must  be  rapid  and  the  hope  of  the 
founders  fairly  realized. 

The  Journal  covers,  annually,  nearly  1000  pages  of  matter  fairly 
representative  of  the  work  of  American  chemists  and  it  has 
become  necessary  because  of  increased  demands  for  it  to  publish 
an  edition  of  2700  copies.  Its  pages  are  open  to  communications 
on  all  subjects  relating  to  chemistry  and  its  applications,  and  it  is 
the  hope  and  expectation  that  the  valuable  Review  of  American 
Chemical  Research  may  be  accompanied  in  the  near  future  by 
abstracts  of  papers  published  in  the  foreign  journals,  thus  furnish- 
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ing  to  all  our  members  information  regarding  the  world's  work 
in  chemical  science  and  practice. 

The  progress  made  in  the  applications  of  chemistry  in  our 
country  can  properly  and  fully  be  told  only  in  the  results  of  the 
census  now  in  progress  and  in  hands  which  promise  results  of 
higher  value  than  have  ever  before  been  obtained  in  such  work 
in  this  country.  We  may  congratulate  ourselves  that  it  has  been 
entrusted  to  our  past  president,  Dr.  C.  E.  Munroe,  whose  tastes 
and  training  have  so  admirably  fitted  him  for  the  delicate  and 
difficult  task  submitted  to  him.  But  we  have  in  the  figures  pre- 
pared by  the  Bureau  of  Statistics  of  the  United  States  Treasury 
most  significant  data  regarding  the  progress  made  during  this 
closing  decade  of  the  closing  century.  From  this  source  we  learn 
that  of  products  classified  as  chemicals,  drugs,  and  medicines,  we 
imported  during  the  year  ending  June  30,  1 890,  to  the  value  of 
$41,601,978,  while  for  the  year  ending  June  30,  1900  this  value 
had  become  $52,931,055.  Most  of  the  materials  represented  in 
these  figures  entered  into  consumption  in  industries,  based  wholly 
or  in  part  upon  the  applications  of  chemistry.  We  cannot  enter 
into  the  details  of  these  statistics,  but  we  may  consider  with  inter- 
est and  profit  a  few  figures  relating  to  some  well-known  indus- 
tries and  which  are  instructive  in  this  connection,  as  showing  the 
variations  which  have  occurred  during  the  decade. 

CHBMICA1.S  Imported  in  1890  and  1900  Respectivei^y  : 

1890.  1900. 

CAustic  soda |i,47o,335  $    158,793 

Soda  ash 3,493,288  665,104 

Potash,  chlorate  of 238,840  102,337 

Soda,  chlorate  of 93,076 

Lime,  chloride  of 1,385,080  1,461,858 

Glycerine  928,935  2,138,670 

Alizarine  colors 358,882  771,336 

Coal-tar  colors  and  dyes 1,787,553  4,792, 103 

Other  coal-tar  products 397,78o 

Milk,  sugar  of 46,510  399 

Glass 7.411,343  4,038,753 

The  figures  indicate  enormous  growth  of  the  alkali  industry  in 
the  United  States  during  the  decade  and  show  that  in  this  branch 
of  industry  we  are  entirely  independent  as  regards  supplies  of  for- 
eign producers.     The  figures  for  glycerine  show  the  possibilities 
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of  expansion  of  another  industry,  while  the  almost  astounding 
growth  of  the  importations  of  alizarine  and  coal-tar  products  and 
dyes  indicate  the  necessity  for  the  further  development  and  utili- 
zation of  our  own  sources  of  crude  materials  of  like  character  and 
the  extension  of  that  already  begun.  The  rapid  growth  of  the 
establishment  of  the  by-product  coke  ovens  reveals  great  possi- 
bilities in  this  direction  and  it  must  be  disappointing  if  the  char- 
acteristic enterprise  fails  to  take  advantage  of  these  possibilities. 
If  the  importations  of  chemical  products  are  interesting  and 
indicate  great  activity  and  growth  in  the  industry,  the  figures  for 
the  exportation  of  similar  products  are  even  more  significant.  We 
submit  figures  for  the  years  ending  June  30,  1890  and  June 
30,  1900  respectively,  including  in  the  table  some  data  for  1876, 
the  year  of  the  organization  of  our  Society.  To  have  predicted 
these  results  in  the  beginning  of  the  quarter  century  would  have 
invited  incredulity,  but  so  also  would  predictions  regarding  the 
advances  to  be  made  in  other  lines  of  human  industry.  The  fig- 
ures are  worthy  of  careful  study. 

Vai^ues  of  Exports  of  Domestic  Products  of  the  Chemicai,  Indus- 
tries   FOR  THE  Years  Ending  June  30,  1876,  June 
30, 1890,  AND  June  30,  1900  Respectivei,y  : 

1876.  1890.  1900. 

Bark  and  extracts  for  tanning $     223,276  $     263,754      $     376,742 

Beeswax I7i927  91.913 

Blacking 81,401  238,391  880,049 

Candles 229,311  i43,o73  ^9^t^^7 

Celluloid 39,004  174,264 

Acids 50,300  98,084  146,722 

Ashes,  pot  and  pearl 75,597  26,21 1  49»566 

Copper,  sulphate  of 2, 120,745 

Dyes  and  dyestuffs 7i7i  128  498,056 

Lime,  acetate  of 776,413 

Other     chemicals     not    separately 

enumerated 2,471,195  2,840,931  5»536,7i6 

Cider 193.283  64,28^ 

Coke 53.586  1,233,921 

Coffee  and  cocoa,  ground  and  pre- 
pared, and  chocolate 93*735  228,241 

Earthen-,  stone-,  and  chinaware  ...           175,477  575,823 

Fertilizers 922,221  1,618,681  7,218,224 

Glass  and  glassware 646,954  882,677  i ,933, 201 

Glucose  or  grape-sugar 855,176  3,600,139 

Glue 5,798  88,484  225,844 
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Grease,  grease  scraps,  and  soap  stock 

Gunpowder  and  other  explosives- .  • 

India    rubber,    gutta   percha,    and 

manufactures  of 

Ink,  printers'  and  other 

Leather 

Lime      1 

Cement  /   

Malt 

Malt  liquors 

Matches 

Naval  stores 

Oil  cake  and  oil  cake  meal 

Oils,  animal i.975i972 

**     mineral,  crude 

**          **         refined    or   manufac- 
tured   

**     vegetable,  com 

"  "  cotton-seed 

*•  **         linseed 

"    volatile  or  essential 

"    allother 

Paints,  pigments,  and  colors 

Paper  and  manufactures  of 

Para£Ein  and  paraffin  wax     

Perfumery  and  cosmetics 

Photographic  materials 

Plaster 

Lard 

Lard  compound  and  substitutes '  •  •  • 

Oleo  and  oleomargarine 

Butter 1,109,496 


Milk 

Salt 

Soap 

Spermaceti 

Spirits,  ^ood 

grain  (neutral  and  cologne) 

brandy 

rum 

whiskey,  bomrbon 

rye 

allother 

Starch 

•  1899. 


1876. 

X890. 

1900. 

1,506,819 

2,944,322 

67.887 

868,728 

1,888,741 

88,816 

1,090,367 

2.364.157 

147,057 

259,776 

11,175,141 

15.363,584 

77,568 

134,994 

/  85,854 

1163,162 

60,412 

215,198 

42,664 

654,408 

2.137,527 

153.680 

52,284 

95.316 

9,799.923 

7,444,446 

12,474,194 

•  •  •  •   • 

7,999.926 

16,757,519 

1,975,972 

1,686,643 

718,997 

2,220,268 

6,744,235 

7,364,162 

30,502,312 

51,403,089 

68,246,949 
1,351,867 

146,135 

5,291,178 

14,127,538 

23,770 

55.036 

54.148 

248,270 

223.435 

256,597 

102,792 

554,295 

179,882 

578,103 

1,902,958 

795.176 

1,226,686 

6,215,559 

2,408,709 

8,602,723 

375,011 

430,151 

•358.589 

3,891 

1,164,465 

5.153 

35.017 

22,429,485 

33,455.520 

41,939,157 
1,474,464 

6,773.522 

10,920,400 

1,109,496 

4,187,489 

3,142,378 

12,270,083 

8,591,042 

4,939,255 

'  •  •  •  •  • 

303.325 

1,133,296 

18,378 

29.073 

55,833 

684,739 

1,109,017 

1,773.921 

35.915 

116,757 

67,125 
320,306 

178.257 

59,277 

83,698 

663,039 

903,808 

498,250 

764,860 

137,029 

121,241 

165.535 

24,921 

524,596 

378,115 

2,604,362 

78  WM.    MCMURTRIE. 

1876.  1890.  X900. 

Sugar  and  molasses 6.745,771  3»o29,4i3  3i697.366 

Tallow 6,734.378  5»242,i58  4,398,2^4 

Varnish    54i9o6  206,483  620,059 

Vinegar 6,133  10,520  12,583 

Wine 331483  270,930  62,592 

Woodpulp 2,245'  458,463 

Yeast 36,061 

102,054,750      174,803,105      264,501,771 

The  figures  show  grand  totals  as  follows  : 

For  the  year  1876 f  102,054,750 

"      "      ''     1890 174,803,105 

c(      «f      «     j^QQ 264,501,771 

In  the  decennial  period  just  closing,  the  increase  in  the  value  of 
the  exports  of  products  of  domestic  manufacture  was  therefore 
about  the  same  as  during  the  preceding  fourteen  years,  and  dur- 
ing the  quarter  century  the  growth  has  been  260  per  cent.  The 
growth  has  been  persistent  and  steady  and  indicates  what  may  be 
expected  in  the  immediate  future  as  well  as  what  is  now  the  con- 
dition of  development  of  our  chemical  industries.  This  latter 
condition  becomes  more  manifest  when  we  consider  that  the  prod- 
ucts exported  constitute  but  a  small  proportion  of  the  production, 
and  we  may  in  some  degree  at  least  anticipate  the  results  which 
must  be  obtained  in  the  pending  census  investigation. 

As  further  illustration  of  the  growth  of  the  chemical  industries, 
we  may  call  attention  to  the  condition  of  the  coke  industry  in  the 
United  States  in  1880  and  1898,  respectively,  as  illustrated  in  the 
following  table  : 

z88o.  Z898. 

Establishments 186  542 

Ovens(^"!|V. "'372  48.447 

^"^     \  building 1,159  '1O48 

Coal  used,  net  tons 5.237»47i  25,249,570 

Coke  prodvced,  net  tons 3»338i30o  16,047,299 

Total  value  of  coke  at  ovens ^6,631, 267  $25,586,699 

Value  of  coke  at  ovens,  per  net  ton ji-99  $i*594 

Yield  of  coal  in  coke,  per  cent 63.0  63.6 

If  we  consider  that  in  the  recovery  ovens,  which  are  fast  taking 
the  places  of  the  older  and  less  rational  types,  this  coal  should 
peld  3.38  per  cent,  of  tar,  0.34  per  cent,  its  weight  of  ammonia 
and  8. 17  per  cent,  of  gas  liquor,  all  of  them  bases  of  most  impor- 
tant chemical  industries,  the  figures  are  significant. 
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Equally  interesting  must  be  the  information  to  be  furnished 
regarding  the  capital  represented  in  the  chemical  industries  in 
this  country.     At  the  present  time,  we  are  able  to  judge  of  this  to 
a  minor  extent  from  the  reported  capitalization  of  the  recently 
organized  companies    constituting  combinatigns  of  preexisting 
companies.     It  is  true  that  in  these  cases  the  capital  represents 
in  a  very  considerable  measure  what  is  known  as  good  will,  fran- 
chises, etc. ,  but  it  nevertheless  represents  earning  power  and  the 
average  market  value  corresponds  very  closely  with  par  value. 
Taking    only    those   organizations   devoted    to    the    chemical 
manufactures  exclusive  of  the  gas  and  metallurgical  and  explo- 
sive industries,  we  find  that  the  capitalization  as  reported  in  the 
stock  lists  amounts  to  the  enormous  value  of  about  $1,500,000,000 
and     tliis    takes    no    account    of  many    of  the   incorporated 
industries  not  specially  reported,  nor  the  industries  not  incorpora- 
ted and  yet  active.     It  does  not  include  the  recently  developed 
electrol3rtic  industries,  in  which  the  cash  capital  actually  invested, 
as  we  learn  from  competent  authority,  amounts  to  more  than 
$^500,000.     The  newly  established  by-product  coke  industry  is 
rapidly  developing  and   is    absorbing    capital  with   wonderful 
rapidity,  while  the  comparatively  new  beet-root  sugar  industry 
has  already  developed  to  such  an  extent  as  to  involve  capitaliza- 
tion of  nearly  $100,000,000  and  to  develop  the  establishment  of 
manufacturing  plants  of  magnitude  beyond  the  imagination  of 
foreign  manufacturers  in  the  same  line  a  few  years  ago.     Yet 
this  is  a  general  characteristic  of  the  modem  chemical  industries 
of  the  United  States  and  it  is  interesting  to  note  that  much  of  the 
development  has  been  eflPected  empirically  and  by  men  compara- 
tively little  versed  in  the  principles  and  laws  of  the  science  upon 
which  they  are  based.     The  industries  have  had  the  aid  of  but 
few  educated  chemists.     Happily  this  condition  is  rapidly  chang- 
ing.    Rational  work  is  coming  to  be  recognized  and  the  demand 
for  well-trained  chemists  is  increasing.     We  cannot  yet  boast  with 
the  Germans  that  single  works  employ  more  than  100  thoroughly 
educated  chemists,  yet  inquiry  shows  that  many  of  the  important 
works  have  corps  of  chemists  numbering  from  10  to  50,  while 
very  many  more  have  smaller  numbers.     The  same  inquiry  affords 
some  due  to  the  number  of  chemists  actually  at  work   in  this 
country.     If  we  compare  the  list  of  members  of  the  American 
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Chemical  Society,  we  find  that  more  than  two-thirds  are  engaged 
in  technical  work.  Furthermore,  of  the  few  chemists  reported  in 
the  inquiry  just  referred  to,  scarcely  one- third  are  members  of  the 
Society.  A  fair  estimate  based  upon  such  data  leads  to  the  con- 
clusion that  more  than  5,000  chemists  are  actually  at  work  in  the 
United  States,  and  that  80  per  cent,  of  these  are  connected  with 
the  industries.  A  study  of  the  lists  of  the  graduates  of  the  edu- 
cational institutions  leads  to  similar  conclusions.  Fischer  reported 
as  the  result  of  special  inquiry  made  three  years  ago  that  in  Ger- 
many 4,000  graduate  chemists  were  employed  in  the  industries 
and  about  200  in  teaching  and  special  investigations. 

So  then  we  find  that  the  chemical  industries  of  the  United 
States  are  growing  with  enormous  rapidity  ;  that  they  are  being 
concjentrated  into  fewer  but  larger  works ;  that  operations  and 
reactions  are  being  carried  out  with  a  magnitude  which  the  earlier 
chemists  would  never  have  predicted;  that  new  methods  are  being 
followed ;  new  principles  applied,  greater  accuracy  of  results 
demanded  both  as  to  quality  and  yield  of  the  products  ;  that  the 
products  now  issue  from  the  works  in  lots  of  tons  at  a  time  of  a 
higher  degree  of  purity  and  with  a  greater  economy  than  was 
possible  but  a  few  years  ago  with  lots  of  a  few  hundred  pounds. 
For  instance,  the  great  sugar  refineries  each  yield  from  1,000,000 
to  2,000,000 pounds  daily  of  a  product,  the  purity  of  which  may 
be  considered  absolute.  The  modern  beet-sugar  works  have  in 
some  cases  capacity  for  treatment  of  from  1,000  to  3,000  tons  of 
roots  daily  and  consequently  the  purification  of  almost  an  equal 
quantity  of  juice. 

And  if  so  great  advance  has  been  made  during  the  closing 
quarter  century  and  even  decade,  what  shall  we  say  of  the  possi- 
bilities of  the  future?  What  is  to  be  the  magnitude  of  the  chem- 
ical industries  of  the  United  States?  What  shall  be  the  character 
of  the  products  issuing  from  them?  What  will  they  require  of 
the  men  who  must  direct  and  control  them?  That  is  to  say,  what 
will  be  the  educational  requirements  of  the  American  chemical 
industries  of  the  almost  immediate  future?  These  questions  are 
not  new  to  our  own  country  and  their  importance  has  forced  itself 
with  powerful  intensity  upon  those  engaged  in  the  chemical 
industries  in  the  old  world  ;  it  has  been  the  subject  of  most  ear- 
nest discussion,  particularly  in  Germany  and  England,  during 
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the  past  five  years  at  least.  Nor  has  it  been  in  all  respects  satis- 
factorily answered.  Even  within  this  closing  month  of  the  clo- 
sing century  the  cable  has  flashed  news  of  the  complaint  on  the  part 
of  the  leading  statesmen  of  England  that  the  training  of  technol- 
ogists in  that  country  is  inadequate  to  the  development  necessary 
to  meet  foreign  competition  and  atjalmost*  the  same  time  brings 
news  of  the  inauguration  of  new  institutions  for  technical  educa- 
tion. And  in  Germany  also,  the  home  and  starting-point  of 
many  of  the  great  industries,  the  demands  upon  the  educational 
institutions  for  the  better  training  of  technologists  are  being 
pressed  from  every  side.  It  is  natural  to  believe  that  the  time  is 
not  far  distant  when  we  too  shall  be  called  upon  to  make  and 
meet  similar  demands.  It  may  be  pardonable  therefore  to  discuss 
briefly  what  these  requirements  are  likely  to  be. 

First  of  all,  experience  shows  that  those  who  financially  con- 
trol the  great  industries,  fully  appreciate  the  need  of  improvement 
in  both  processes  and  products,  are  particularly  apt  in  propound- 
ing hard  questions  in  connection  therewith  and  always  expect 
that  these  questions  shall  be  answered  quickly  and  with  the 
utmost  accuracy.  Young  men  who  early  come  to  a  realization  of 
this  fact  and  prepare  themselves  by  broad  and  thorough  education 
to  meet  it  are  those  who  will  succeed  in  the  industries  and  ulti- 
mately have  a  controlling  influence  in  their  management.  And 
what  is  to  be  said  here  on  this  subject  is  directed  as  much  to  the 
students  as  to  those  who  instruct,  for  it  is  not  difficult  to  under- 
stand the  restrictions  placed  upon  teachers  by  the  students  them- 
selves, in  the  struggle  to  arrange  work  leading  to  the  training, 
which  many  realize  to  be  absolutely  essential  to  meet  the  require- 
ments of  the  near  future. 

For  it  is  beyond  question  that  the  most  thoroughly  educated 
man  is  sure  to  best  meet  these  requirements  and  become  the  leader 
in  the  industrial  struggle  of  the  near  future.  Dr.  Duisberg,  the 
director  of  the  great  color  works  at  Elberfeld,  Germany,  rightly 
fixed  the  standard  when  he  said  that  '  *  above  all  a  general  com- 
prehensive education  is  required.  We  must  have  in  the  indus- 
tries persevering,  energetic  men  with  broad  views.*'  And  Dr. 
Chittenden  was  right  when  he  said:  ** Given  a  young  man  of  broad 
knowledge  and  a  thorough  conception  of  the  principal  laws  of 
physics,  mechanics,  hydraulics,  etc.,  and  he  will  soon  adjust  him- 
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self  to  the  environment  of  professional  work,  and  eventually  rise 
to  a  plane  far  beyond  that  of  the  man  whose  training  has  been 
purely  technical,'*  and  concluding  his  paper  he  says :  '*  The  rapid 
development  of  the  sciences  and  their  manifold  industrial  appli- 
cations have  opened  up  avenues  for  new  ventures  of  great  magni- 
tude and  there  is  an  fncreasing  demand  for  young  men  of  broad 
scientific  knowledge  and  training.  He  who  wishes  for  the  fullest 
possible  measure  of  success  must  prepare  himself  thoroughly  for 
his  life  work  and  he  can  do  this  in  no  better  way  than  by  ac- 
quiring a  broad  and  liberal  education." 

This  important  requisite  to  success  could  not  be  better  described. 
Careful  general  training  is  conducive  to  the  best  thought  and  the 
best  expression  of  the  results  of  inquiry.  And  it  is  too  frequently 
true  that  technical  men  are  especially  lacking  in  this  particular. 
Too  early  specialization  must  tend  to  narrowness  of  view,  and 
therefore  to  limited  influence.  The  general  culture  work  of  the 
preparatory  schools  or  of  the  colleges  will  always  be  profitable, 
whether  as  preparatory  to  a  specialty  or  an  auxiliary  to  its  prose- 
cution. These  principles  will  apply  to  all  technologists  whether 
they  are  chemists  or  not. 

But  what  shall  be  the  character  of  the  special  training  of  the 
technical  chemist  ?  First  of  all,  we  must  admit,  that  this  must 
cover  thoroughly  and  profoundly  a  study  of  the  science  of  chem- 
istry. Dr.  Fittig  declares:  **  Our  problem  is  to  study  the  science 
as  such  ;  to  lead  the  student  into  the  methods  of  strictly  scien- 
tific investigation,  to  put  him  into  position  to  solve  pure  scien- 
tific problems  entirely  independent  of  the  question,  whether  he 
shall  devote  his  powers  to  the  service  of  the  science  itself  or 
apply  it  to  practical  questions.**  He  claims  that  many  students 
take  up  the  study  without  the  scientific  instinct.  And  Erlen- 
meyer  says:  **A  true  scientific  training  should  produce  ability  and 
susceptibility  for  all  and  every  use.  With  a  knowledge  of  the 
principles  and  laws  of  the  science,  their  use  becomes  easy,  they 
proceed  independently.  *  *  Foerster,  discussing  the  needs  of  the 
electrochemists,  says:  *  *But  above  all  be  particular  to  secure  funda- 
mental training  in  the  entire  field  of  chemistry,  thus  utilizing  the 
principle  insisted  upon  by  Liebig,  that  the  best  training  for  any 
specialty  rests  upon  the  broadest  foundation  in  the  whole  of  scien- 
tific chemistry.**    Dr.  Duisberg  says  further:  * 'In  technical  chem- 
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istry  the  sharp  eye  of  the  scientifically  trained  man  is  wanted  in 
order  to  recognize  the  individual  developments  of  the  reactions  in 
progress,  which  can  be  seen  only  through  the  accompanying 
indications.''  And  Richard  Meyer  truthfully  declared:  **  If  our 
technologists  did  not  properly  appreciate  the  service  rendered  by 
men  trained  in  the  spirit  of  Liebig,  chemical  investigation  would 
miss  the  stately  crowd  of  auxiliary  powers,  without  which  the 
heights  from  which  we  may  now  look  proudly  backward  and 
hopefully  forward,  could  never  have  been  attained.*'  And  W. 
H.  Perkin  says  that  '*  technical  education  will  be  of  small  value 
unless  it  is  carried  out  on  a  very  broad  and  scientific  basis. ' ' 

These  views  of  the  leaders  in  the  science  of  chemistry  must 
find  an  echo  in  the  mind  of  every  man  who  has  had  experience 
in  the  industries.  In  no  department  of  human  activity  is  a 
thorough  knowledge  of  the  fundamental  laws  so  needful,  nor  can 
the  knowledge  of  any  law  be  safely  neglected  if  successful  work 
is  to  prevail.  For  all  the  laws  apply  all  the  time  and  few  cases 
will  arise  in  which  the  more  important  can  be  avoided.  To  sup- 
pose that  the  industries  can  be  carried  on  in  the  face  of  severe 
competition  without  such  knowledge  is  to  invite  failure  in  every 
case.  Empiricism  may  succeed  in  times  of  plenty,  but  adversity 
breeds  rationalism  and  fosters  the  support  it  can  bring.  So  then 
we  may  make  no  distinction  between  inorganic  and  organic  chem- 
istry, analytic  and  physical  chemistry,  for  each  one  has  its  place 
in  the  world's  work,  and  no  one  can  predict  when  any  one  of  these 
branches  will  be  called  upon  to  render  material  aid. 

But  whatever  may  be  the  department  of  chemical  study  the 
relation  of  the  science  to  physics  will  be  keenly  felt,  and  the 
dependence  of  each  upon  mathematics  as  the  true  foundation  will, 
become  manifest.  For  this  latter  science  is  just  as  powerful  an 
aid  in  the  determination  of  the  motions  of  the  atom  and  molecule 
in  matter  as  those  of  the  worlds  and  constellations  in  space.  And 
if  it  cannot  be  neglected  in  astronomy,  no  more  can  it  in  chem- 
istry and  physics.  Indeed,  it  illustrates  the  unity  of  all  the 
sciences,  even  as  it  does  the  correlation  of  all  the  forces.  Dr. 
Lorenz  set  forth  the  need  of  all  chemists  in  this  particular  when 
he  said:  ''Modem  electrochemistry  is  an  exact  science,  and  its 
principles,  and  a  knowledge  of  it  rests  upon  a  foundation  of 
mathematics.     It  is  in  every  way  desirable  that  every  electro- 
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chemist  shall  be  trained  in  the  higher  mathematics,  and  be  thor- 
oughly able  to  utilize  both  differential  and  integral  calculus.*' 
He  particularly  recommends  as  a  preparation  therefor  the  **  Intro- 
duction to  the  Mathematical  Treatment  of  the  Sciences' '  of  Nemst 
and  Schonflies  and  says:  *'If  the  student  have  an  intensive  rather 
than  extensive  training  in  mathematics,  he  may  be  thrown  into 
the  sea  of  natural  science  and  left  to  swim."  So  also  Foerster 
discussing  the  character  of  the  instruction  in  electrochemistry  in 
the  technical  high  school,  while  insisting  upon  '*  thorough  funda- 
mental work  in  inorganic  and  organic  chemistry,  physics  and  phys- 
ical chemistry"  does  not  fail  to  include  in  his  plan  of  work  **  the 
principles  of  higher  mathematics."  Dr.  Koerner,  discussing  the 
importance  of  physical  chemistry  to  the  industries,  says:  **  It  is 
most  characteristic  of  it  (physical  chemistry)  that  it  utilizes  the 
most  powerful  of  all  natural  aids  to  scientific  investigation,  the 
higher  mathematics. ' '  And  in  the  curricula  of  the  technical  high 
schools  in  Germany  we  find  almost  without  exception  that  in  the 
course  of  chemistry,  as  well  as  in  engineering,  the  higher  mathe- 
matics is  taken  up  and  completed  before  the  end  of  the  first 
year,  if  not  before  the  end  of  the  first  semester.  It  thus 
becomes  the  ground- work  of  and  preparatory  to,  all  the  important 
work,  which  in  those  great  institutions  must  follow  it. 

And  finally,  the  technical  chemist  of  the  near  future  must  be 
trained  in  the  principles  and  practices  of  engineering,  trained  to 
make  and  operate  the  mechanical  means  for  carrying  out  effect- 
ively the  chemical  reactions  of  the  industries  in  a  large  way.  For 
after  all  these  reactions  differ  only  in  degree  from  those  of  the 
research  and  preparation  laboratories,  and  if  in  the  latter  the 
students  must  be  trained  in  making  and  assembling  the  forms  of 
apparatus  for  use  in  the  various  operations  of  pulverizing,  separa- 
ting, roasting  and  incineration,  solution,  precipitation,  separation 
of  solids  and  liquids,  washing,  drying,  and  care  of  precipitates 
and  cr>'^stals,  the  production  and  control  of  heat,  the  transfer  of 
solids  and  liquids,  the  production  and  application  of  vacuum, 
evaporation  and  distillation,  the  conditions  of  crystallization,  etc., 
in  the  small  way  in  the  laboratories,  he  must  be  taught  to  apply 
all  these  and  more,  in  the  large  way  in  the  works.  Indeed,  the 
only  difference  between  the  two  may  be  comprised  in  the  terms 
microchemistry  and   macrochemistry  ;  chemistry   and  the  opera- 
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tions  belonging  to  chemistry  carried  on  in  a  small  way  with  lim- 
ited or  small  quantities  01  volumes  ;  handling  solids  and  liquids 
in  quantities  of  a  few  grams  or  a  few  cubic  centimeters  or  liters 
on  the  one  hand,  or  of  tons  of  solids  and  thousands  of  gallons  of 
liquid  on   the  other.     How,    for  instance,  would   the   chemist, 
untrained  in  the  principles  of  engineering,  proceed  in  handling 
materials  in  quantities  involving  several  tons  of  solid  matters  and 
30,000  to  50,000  gallons  of  liquid  in  a  single  charge,  a  require- 
ment not  uncommon  in  the  modem  industries  and  sure  to  be 
more  common  in  the  future  industry.     In  his  day,   perhaps,  the 
great  Liebig  was  right,  and  Wohler  was  right,  and  Fittig,  not  far 
wrong,  when  they  maintained  that  with  a  thorough  knowledge  of 
the  principles  and  laws  of  chemistry,  all  else  in  the  industry  in- 
volving their  application  would  be  easy.     It  is  possible  that  the 
genius  of  the  young  operator  would  come  to  his  aid  and  enable 
him  ultimately  to  devise  means  to  meet  his  ends,   but  time  and 
labor  must  be  saved  by  training  in  the  methods,  whereby  such 
means  may  be  established  and  a  knowledge  of  means  already  at 
hand  acquired.     The  authoress  of  a  late  popular  work  of  fiction 
was  right  when  she  said  '  *  untrained  genius  is  a  terrible  waste  of 
power,  *  *  and  though  it  may  not  be  as  applicable  here  as  in  an 
earlier  paragraph,  she  was  also  right  when  she  said  in  the  same 
connection,  '*  So  many  persons  think  that  if  they  have  a  -spark  of 
genius,  they  can  do  without  culture  ;  while  really  it  is  because 
they  have  a  spark  of  genius  that  they  ought  to  be  and  are  worthy 
to  be  cultivated  to  the  highest  point.*'     And  this  applies  to  the 
chemists  who  must  operate  in  a  large  way  and  with  large  masses 
of  matter,  either  solid  or  liquid. 

In  a  discussion  of  this  subject  in  England,  where  perhaps  more 
than  elsewhere  in  the  world  the  need  of  engineering  capacity  on 
the  part  of  chemists  has  been  most  keenly  felt,  and  where  on  the 
other  hand  engineering  capacity  embodied  in  such  men  as  Mond, 
Bell,  Muspratt,  Weldon,  Perkin,  and  Chance,  has  brought  forth 
such  splendid  results,  Ivan  Levinstein,  himself,  a  leader  in  the 
industry,  said  :  **  It  must  also  be  palpable  that  a  chemist  intended 
for  industrial  work,  who,  along  witfi  sound  training  in  chemistry, 
has  also  acquired  a  fair  knowledge  of  chemical  engineering,  must 
be  better  fitted  for  his  work  than  the  man  who  is  only  practically 
acquainted  with  the  handling  of  china  basins,  phials,  or  a  Liebig' s 
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condenser.  And  in  the  same  discussion  Watson  Smith  endorsed 
*  *  what  had  been  said  as  to  the  importance  of  teaching  the  scien- 
tific principles  involved  in  the  special  construction  of  apparatus 
and  plant  for  chemical  processes  on  a  large  scale.*' 

Dr.  Ost,  whose  connection  both  with  the  industries  and  teach- 
ing, has  been  so  intimate,  says  :  * '  Liebig,  who  had  for  long  years 
taught  technical  chemistry  in  Giessen  and,  as  none  other,  had 
promoted  the  applications  of  chemistry,  could  say,  in  1840,  'I 
know  many  (those  trained  in  pure  science  only)  who  now  stand 
at  the  head  of  soda,  sulphuric  acid,  sugar  and  cyanide  works,  dye- 
ing and  other  industries,  and  without  ever  having  had  previously 
to  do  with  them,  were  completely  entrusted  with  works*  processes 
within  the  first  half  hour,  and  in  the  next  brought  forth  a  num- 
ber of  most  important  improvements.'  Sixty  years  ago,  this 
judgment  characteristic  of  the  time,  this  enthusiastic  declaration 
of  Liebig,  would  constitute  a  dogma,  but  it  is  no  longer  tenable. 
The  chemist  graduated  from  the  technical  high  school  is  no  longer 
in  position  to  begin  his  factory  experience  with  introduction  of 
improvements.**  This,  Ost  says,  is  because  of  the  better  and 
more  perfect  organization  of  modern  works.  And  Dr.  Lorenz,  of 
the  Zurich  Polytechnicum,  says:  **The  electrochemist  should 
not  be  graduated  until  he  has  been  taught  how  to  use  modem 
methods  in  very  large  apparatus.  We  find  in  electrochemistry  a 
wide  difference  between  the  theory  and  the  facts.  In  the  labora- 
tory, current  yield  and  greatest  economy  of  electrical  energ>'  are 
often  the  principal  considerations,  but  in  technology  corrosion  of 
electrodes  or  diaphragms  i§  much  more  expensive  than  any  varia- 
tion of  energy.**  What  an  important  illustration  of  a  special 
study  of  materials  of  engineering  in  the  preparation  for  the 
chemical  industry  !  And  what  a  sensation  of  sympathy  this  must 
arouse  in  all  those  who  have  had  to  do  with  the  handling  of  cor- 
rosive materials  in  the  very  large  quantities  and  volumes,  which 
modem  methods  involve  !  How  often  it  happens  that  success  of 
an  important  operation  is  delayed  and  even  made  impracticable 
because  of  want  of  knowledge  of  suitable  resistant  material  for 
construction  of  containing  vessels  or  apparatus.  Probably  the 
most  important  contribution  to  this  subject  is  that  of  Mr.  Beilby. 
In  his  address  he  says  :  **  I  have  rarely  seen  the  chemistry  of  a 
process  lagging  behind  the  engineering  ;  most  frequently  it  is  the 
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Other  way.     The  chemical  reactions  involved  in  the  ammonia  soda 
process  are  simple  and  easily  understood,  but  it  required  the 
genius  and  practical  skill  of  men  like  Solvay  and  Mond  to  devise 
apparatus  which  could  establish  the  manufacture  on  its  present 
secure  basis.     What  are  the  elements  of  which  the  skill  is  made 
up  ?    The  scientific  basis  must  be  a  thorough  knowledge  of  the 
principles  of  chemistry,  physics,  dynamics,  and  mechanics,  and 
added  to  this  there  must  be  a  practical  acquaintance  with  the 
materials  of  construction  and  the  methods  by  which  they  are 
worked  into  structures.     The  designing  and  construction  of  appa- 
ratus for  chemical  works  is  a  distinct  branch  of  applied  science. 
It  is  in  this  that  special  skill  is  required,  for  works*  operations  are 
not  simply  laboratory  operations.     The  ideal  chemical  engineer 
should  be  in  thorough  sympathy  with  the  modes  of  thought  and 
with  the  methods  of  working  of  both  the  chemist  and  the  engi- 
neer ;  just  as  the  professor  of  engineering  teaches  how  to  apply 
the  laws  of  statics,  dynamics,  and  kinematics  to  the  design  of 
structures   or  machines,   so  should   the  professor  of    chemical 
engineering  trace  the  applications  of  the  laws  of  chemistry  and 
physics  and  dynamics  in  the  problems  which  occur  in  designing 
chemical  apparatus  for  works.     I  am  quite  satisfied  that  in  the 
present  state  of  popular  opinion  the  position  and  work  of  the 
technical  chemist  will  not  be  properly  recognized,  unless  he  can 
associate  himself,  by  his  training  and  practice  with  the  engineer- 
ing side  of  his  calling.*'     Prof.   Meldola  says:  **The  sooner  a 
chemist  is  made  to  realize  the  enormous  practical  difference  be- 
tween a  laboratory  and  a  factory  process,  the  better  it  will  be  for 
him." 

Prof.  J.  A.  Reynolds,  Director  of  the  Municipal  Technical 
Schools  of  Manchester,  England,  says:  *' English  chemists  are 
not  engineers  and  English  engineers  are  not  chemists,  and  hence 
the  enormous  diflBculty  which  arises  in  the  endeavor  to  bring  to 
successful  commercial  results  the  fruits  of  laboratory  research.*' 
While  Mr.  David  Howard  considers  that  *  *  the  influence  of  mass 
action,  the  question  of  so  many  pounds  of  coal  per  horse  power 
hour,  and  other  like  things,  cannot  be  dealt  with  on  a  small  scale, 
but  are  all  important  on  a  larger  scale.  We  want  chemical  engi- 
neers who  can  make  new  roads  in  chemistry,  as  mechanical  engi- 
neers do  in  railways.*' 
9-«3 
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It  is  also  important  to  consider  the  course  of  study  proposed 
by  Mr.  Beilby  in  his  paper  for  prospective  industrial  chemists. 
His  large  experience  in  the  chemical  industry  gives  him  power 
to  speak  with  authority,  and  young  men  who  look  forward  to  a 
successful  career  in  the  industry,  will  do  well  to  g^ve  it  most  care- 
ful consideration.  And  even  more  important,  perhaps,  are  the 
courses  of  instruction  carried  out  in  the  West  of  Scotland  Tech- 
nical College  and  in  the  Municipal  Technical  School  in  Manches- 
ter, England,  and  published  in  the  Journal  of  the  Society  of 
Chemical  Industry  during  1899.  Students  who  have  had  the 
advantage  of  these  courses  must  be  better  fitted  than  those  who 
have  not  been  similarly  favored.  Yet  we  must  believe  that  the 
courses  laid  out  in  the  technical  high  schools  of  Germany  and,  we 
are  proud  to  say,  in  some  of  the  schools  of  technology  in  our  own 
country,  are  in  some  respects  better.  Yet  a  combination 
of  the  two  courses  might  be  made  with  profit  to  both 
classes  of  institution.  It  is  important  that  the  works'  chemists 
should  be  trained  in  the  construction  of  the  special  forms  of  appa- 
ratus he  needs  to  use,  but  they  should  be  accompanied  or  preceded 
by  the  principles  and  practice  of  mechanical  engineering.  The 
most  practical  courses,  perhaps,  are  those  laid  down  in  many  of 
our  own  educational  institutions  for  instruction  in  mining  engi- 
neering and  metallurgy,  in  which  chemistry  of  the  operations  is 
considered  in  connection  with  the  mechanical  details  of  its  appU- 
cations,  and  we  have  advised  students  desiring  to  prepare  for  the 
chemical  industries  to  pursue  these  courses  in  the  best  institu- 
tions first,  and  to  follow  them  with  a  year  or  more  of  exclusive 
study  of  chemistry  both  pure  and  applied.  If  it  were  possible  to 
add  to  the  courses  of  chemistry  as  much  of  engineering,  civil, 
mechanical  and  architectural,  as  is  found  in  some  of  the  metallur- 
gical coursfes,  the  ideal  would  be  more  nearly  met.  But  we  can 
fully  sympathize  with  those  teachers  who  find  the  time  available 
too  limited  for  such  a  combination,  and  appreciate  the  fact  that 
either  the  student  must  come  to  the  professional  school  with 
better  preliminary  training  in  the  preparatory  subjects,  or  the 
courses  must  be  extended  beyond  the  usually  provided  four 
years'  work.  In  any  case,  if  a  course  of  engineering  could  be 
carried  side  by  side,  and  simultaneously  with  the  course  of  chem- 
istry, the  needs  of  the  prospective  technical  chemist  would  be 
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most  fully  met,  and  the  requirements  of  the  future  chemical 
industry  most  nearly  fulfilled.  In  some  of  our  institutions  in 
which  all  studies  are  practically  optional,  such  a  course  might  be 
arranged  and  profitably  followed,  and  notwithstanding  the  longer 
time  which  might  be  involved  in  its  completion,  the  graduate 
from  it  would  issue  with  brighter  and  better  prospects  of  success 
in  his  profession  than  one  less  broadly  trained.  And  in  the  selec- 
tion of  the  subjects  for  such  a  course,  the  plans  of  study  laid 
down  in  the  technical  high  schools  of  Germany,  in  the  technical 
schools  of  England,  and  of  our  own  country,  may  be  profitably 
followed. 

In  1897,  we  expressed  the  view  which  seems  thoroughly  appli- 
cable now  and  which  will  perhaps  bear  repetition  here.  We 
said  :  • '  It  seems  therefore  that  the  demand  of  the  present  time, 
and  of  the  immediate  future  can  be  met  only  by  broadly  educated 
men  :  by  men  who  have  been  trained,  not  only  in  chemistry 
itself,  but  in  the  great  principles  of  physics  as  well.  A  good 
technical  chemist  must  be  first  of  all  a  thoroughly  educated 
chemist ;  after  that,  to  attain  the  highest  success  in  this  country, 
he  must  be  educated  in  the  principles  of  engineering ;  the  pro- 
ductions and  applications  of  heat ;  the  productions  and  applica- 
tions of  electricity ;  the  transmission  of  power,  the  movement  of 
liquids ;  in  general,  the  means  whereby  the  reactions  of  chem- 
istry may  be  carried  out  in  a  large  way.  We  need,  therefore, 
chemical  engineers  and  these  in  the  nature  of  the  requirements 
must  be  broadly  and  thoroughly  educated  men.  While  they 
must  be  trained  in  the  work  of  the  research  laboratories,  which 
are  beings  organized  in  connection  with  many  of  the  great  indus- 
tries, they  must  likewise  be  prepared  to  put  into  practical  opera- 
tion in  a  large  way  the  results  of  the  researches  they  have  been 
called  upon  to  make." 

These  truths  have  not  changed,  and  if  these  conditions  of 
education  and  training  are  fully  met,  the  progress  of  our  chem- 
ical industries  must  be  greatly  augmented,  the  science,  must,  by 
reaction,  be  actively  advanced,  and  following  the  experience  of 
our  German  confreres  in  the  words  of  Meyer,  we  may  look  hope- 
fully forward  and  in  the  near  future  proudly  backward,  to  accom- 
plishments greater  than  the  world  has  ever  known. 
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DURING  the  year  1900,  fewer  new  detenninations  of  atomic 
weight  than  usual,  have  appeared.  The  data  are  g^ven  in 
the  following  pages,  together  with  Herzfeld's  research  upon  cal- 
cium, which  appeared  three  years  ago.  It  was  unfortunately 
published  through  an  unusual  channel,  and  was  therefore  over- 
looked at  the  time.  Attention  may  also  be  called  to  the  presi- 
dential address^  of  Professor  Morley  before  the  American  Chem- 
ical Society,  which  is  a  valuable  discussion  of  the  probable 
accuracy  of  our  knowledge  as  to  the  ratio  between  hydrogen  and 
oxygen. 

NITROGEN. 

Dean's  research'  upon  the  atomic  weight  of  nitrogen,  which 
was  noticed  in  abstract  in  the  report  for  1899,  has  now  appeared 
in  full.  Weighed  quantities  of  silver  cyanide  were  dissolved  in 
nitric  acid,  and  the  nitrate  solutions  were  titrated  with  a  standard 
solution  of  potassium  bromide.  As  the  latter  was  not  absolutely 
pure  its  silver  value  was  independently  determined,  and  the  titra- 
tions give  therefore  the  quantity  of  silver  proportional  to  the 
cyanide.  The  last  experiment  of  the  series  was  made  by  solution 
of  the  cyanide  in  sulphuric  acid  instead  of  the  nitric  acid  pre- 
viously used.  Attempts  to  reduce  silver  cyanide  in'hydrogen 
gave  unsatisfactory  results,  due  to  the  formation  of  paracyanogen 
and  silver  carbide.     The  final  data  are  subjoined. 


Weight  AgCN. 

Weight  Ag. 

Bquivalent  of  CN 

6.2671 

5.0490 

26.039 

17-60585 

14.18496 

26.026 

17.1049 

13-7801 

26.049 

17.9210 

14.43881 

26.030 

I2.II215 

9-75875 

26.028 

14.6672 

II. 81727 

26.029 

Sum,    85.67820 

69.02889 

26.032 

1  This  Journal,  aa,  51. 

»y.  Chem.  Soc,  77, 117. 
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If  C  =  12.001,  then  N=  14.031,  the  value  finally  adopted. 
All  weights  were  reduced  to  a  vacuum  standard. 

Another  determination  of  the  atomic  weight  of  nitrogen  has 
also  been  announced  by  Scott.^  From  ammonium  bromide  he 
finds  NH^Br  =  97.996.  For  the  chloride,  NH.Cl  =  53.516.  The 
first  value  is  lower  than  that  found  by  Stas,  the  second  is  in 
agreement  with  Stas.     The  full  paper  will  appear  early  in  1901. 

CALCIUM. 

The  following  determinations  by  Herzfeld,'  made  in  1897,  were 
overlooked  at  the  time,  and  are  now  recorded  here  for  the  sake  of 
completeness.  Calcium  carbonate  was  prepared  from  the  bicar- 
bonate, and  reduced  to  oxide  by  ignition  at  a  temperature  of  from 
1300®  to  1400®. 


Weight  CaCOs. 

Weight  COj. 

Weight  CaO. 

Atomic  weight  Ca. 

3.9772 

1.7504 

2.2268 

39.687 

2.3614 

1.0396 

I.3218 

39.655 

3- 2966 

I.45IO 

1.8456 

39-677 

Mean,  39.673 

CalculatedwithH=i,C  =  ii.92,  0  =  15.879.  With 0  =  16, 
Ca  =  39.975. 

IRON. 

The  determinations  by  Richards  and  Baxter*  of  the  atomic 
weight  of  iron  are  based  upon  the  reduction  of  pure  Fe,Oj  in  a 
current  of  electrolytic  hydrogen.  Two  series  of  results  are  given, 
representing  ferric  oxide  prepared  by  two  distinct  methods.  For 
details  of  manipulation  the  original  paper  must  be  consulted. 

First  Series, — Ferric  oxide  obtained  by  calcination  of  ferric 
hydroxide  : 


Weight  Pe^O,. 

3.17485 
3-61235 


Weight  Fe. 
2.22096 
2.52750 


Atomic  weight  Fe. 
55-885 
55916 


Mean,  55.900 

Second  Series. — Ferric  oxide  obtained  by  calcination  of  ferric 
nitrate  : 

1  Ptoc.  Chem.  Soc.,  i6,  205. 

•  Ztsckr.  des  Vereinsfur  dit  R&bengMcher-Industrie,  47,  Heft  497. 

*  Zlschr.  anorg,  Chem.^  33,  345. 
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Weight  PesOs. 

Weight  Fe. 

Atomic  weight  Fe 

3-97557 

2. 781 1 5 

55.883 

4.8^55 

3.42558 

55.891 

4.35955 

3.04990 

55.891 

7.1411S 

4.99533 

55.870 

6.42021 

4.49130 

55.882 

Mean,  55.882 

Mean  of  all  seven  determinations,  55.89,  whenO  =  16.     With 
H  =  I ,  Fe  =  55.47.     All  weights  were  reduced  to  a  vacuum. 

GADOLINIUM. 

Atomic  weight  determined  by  Benedicks,^  by  synthesis  of  the 
sulphate  from  the  oxide.     Data  as  follows  : 


Weight  oxide. 

Weight  sulphate. 

Atomic  weight  gad 

0.4308 

O.7171 

156.57 

0.5675 

0.9451 

156.35 

0.5726 

0.9534 

156.44 

0.6785 

I.1301 

156.29 

0.7399 

1.2329 

156.10 

1.3253 

2.2063 

156.52 

Mean,  156.38 

Calculated  with  O  =  16,  and  S  =  32.  The  final  result  agrees 
well  with  the  determination  by  Bettendorf,  who  found 
Gd  =  156.33. 

TUORIUM. 

Atomic  weight  redetermined  by  Urbain.*  Thethoria  was  puri- 
fied by  conversion  into  the  acetyl  acetonate,  which  was  crystallized 
from  solution  in  chloroform.  It  was  then  converted  into  sul- 
phate. The  atomic  weight  determinations  (with  O  =  16),  were 
made  by  calcination  of  anhydrous  Th(SOJ,.     Data  as  follows  : 


Weight  sulphate. 

Weight  ThOf 

Atomic  weight  Th. 

1.0925 

0.6815 

233.30 

0.5926 

0.3699 

233.75 

1 .0230 

0.6384 

233.58 

Calcination  of  the  hydrous  sulphate  gave  lower  values,  proba- 
bly because  the  octohydrated  salt  used  contained  traces  of  the 
sulphate  with  9  molecules  of  water. 

1  Zlschr.  anorg.  Chem.y  aa,  393. 
*  Ann.chim.phys^  (7),  19,  223. 
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MISCELLANEOUS   NOTES. 

Muthmann  and  Bohm'  have  prepared  pure  yttria  by  fractional 
precipitation  with  neutral  potassium  chromate.  The  final  sample 
was  practically  pure,  and  gave  a  good  atomic  weight  determina- 
tion. 2.46585  grams  sulphate  yielded  1. 19523  grams  of  oxide. 
Hence  Yt  =  88.97,  when  O  =  16. 

Samarium  has  been  studied  by  Demargay.'  By  synthesis  of 
the  sulphate  he  finds  the  atomic  weight  of  the  metal  to  range 
from  147.2  to  148. o,  when  0=16.  The  higher  values,  about 
150,  obtained  by  other  investigators,  he  attributes  to  the  presence 
of  other  earths.  In  a  second  paper*  he  describes  one  of  these 
earths,  which  is  intermediate  between  samarium  and  gadolinium, 
with  an  atomic  weight  of  the  metal  equal  to  151,  nearly.  This, 
however,  is  only  a  rough  approximation,  as  the  oxide  was  not 
sufficiently  pure  for  exact  work. 

The  density  of  krypton  has  been  carefully  determined  by  Laden- 
burg  and  Kriigel.*  From  it  the  atomic  weight  of  the  element 
becomes,  in  two  experiments,  58.67  and  58.81,  or  58.74  in  the 
average. 

Ramsay  and  Travers*  give  density  determinations  and  atomic 
weights  for  the  new  gases  of  the  atmosphere  as  follows  : 

Density.  Atomic  weight. 

Helium 1.98  3.96 

Neon 9.97  19.94 

Argon 19-98  39.96 

Kiypton 40.88  81.76 

Xenon 64.00  128.00 

Metargon  is  abandoned,  as  non-existent.  Why  the  value  for 
krypton  should  diverge  so  widely  from  that  found  by  Ladenburg 
and  Kriigel,  is  unexplained.  It  will  be  noticed  that  most  of  these 
gases  fall  between  the  halogens  and  the  alkali  metals  in  the 
periodic  system,  although  argon  is  still  slightly  divergent  from 
theory. 

Mme.  Curie  has  continued  her  studies  upon  radium,*  which 
were  referred  to  in  the  report  for  1899.     She  now  describes  a 

1  Ber.  d.  chem.  Gts.y  33,  42. 

*  Compt.  rend.^  130,  1185. 

*  Ibid.,  130,  1469. 

<  Chem.  News,  81,  9o$. 
» Ibtd.,  Sa,  257. 

*  Compt.  rend  ,131,  383. 


94  ^-  W.  CLARKE. 

radiferous  barium  chloride  in  which  the  mixed  metals  have  a 
mean  atomic  weight  of  173.6  to  174.  In  this  sample,  judging  from 
spectroscopic  evidence,  there  was  probably  rather  more  radium 
than  barium. 

TABLE  OF  ATOMIC   WEIGHTS. 

The  following  table  of  atomic  weights  differs  but  little  from 
that  issued  last  year.  First,  your  committee  gives  its  own  list, 
in  two  columns,  representing  both  standards  of  value,  H  =  i ,  and 
O  =  16.  The  only  change  here  is  in  iron,  due  to  the  work  of 
Richards  and  Baxter.  Richards'  table  is  unchanged,  except  in 
the  same  item.  The  table  of  the  German  Committee  is  that 
which  was  issued  in  January,  1901,  as  an  insert  to  the  first  num- 
ber of  the  Berichte.  ciarkc 

H  =  X.  O  =  16.  Richards.  German. 

Aluminum 26.9  27.1  27.1  27.1 

Antimony ii9-5  120.4  120.0  120. 

Argon ?  ?  39.9?  39.9 

Arsenic 74.45  75.0  75.0  75. 

Barium 136.4  i37-4o  137-43  137-4 

Bismuth 206.5  208.1  208.0  208.5 

Boi-on 10.9  ii.o  10.95  II. 

Bromine 79.34  79.95  79.955  79.96 

Cadmium iii-55  112.4  112.3  112.4 

Caesium 131.9  132.9  132.9  133. 

Calcium 39.8  40.1  40.1  40. 

Carbon 11.9  12.0  12.001  12.00 

Cerium 138.0  i39-o  140.  140. 

Chlorine 35.18  35.45  35.455  35.45 

Chromium 51.7  .52.1  52.14  52.1 

Cobalt 68.55  59-00  59-Oo  59. 

Columbium 93.0  93. 7  94.  94. 

Copper 63.1  63.6  63.60  63.6 

Erbium 164.7  166.0  166.  166. 

Fluorine 18.9  19.05  i9-05  19. 

Gadolinium 155.8  157.0  156.  ?  156. 

Gallium 69.5  70.0  70.0  70. 

Germanium 71.9  72.5  72.5  72. 

Glucinum 9.0  9.  i  9.  i  9- 1 

Gold 195.7  197.2  197.3  197.2 

Helium ?  ?  4.0  ?  4. 

Hydrogen i.ooo  1.008  1.0075  i.oi 

Indium 113.1  114.0  114.  114. 

Iodine 125.89  126.85  126.85  126.85 

Iriditun 191.7  193.1  193-0  193. 

Iron 55-5  55.9  55-9  56- 
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H  B  I.  O  =  i6.  Richards.  German. 

Krypton  ••••• ....  ....  81.8 

Lanthanum I37*^  138.6  138.5  138. 

Lead 205.36  206.92  206.92  206.9 

Lithium 6.97  7.03  7.03  7.03 

Magnesium 24.1  24.3  24.36  24.36 

Manganese 54.6  55.0  55.02  55. 

Mercury 198*50  200.0  200.0  200.3 

Molybdenum 95.3  96.0  96.0  96. 

Xeodymium 142.5  I43'6  143.6  143.6 

Neon •*..  •.'•  20. 

Nickel 58.25  58.70  58.70  58.7 

Nitrogen 13.93  14.04  14045  1404 

Osmium 189.6  191.0  190.8  191. 

Oxygen 15.88  16.000  16.0000  16.00 

Palladium 106.2  107.0  106.5  106. 

Phosphorus 30.75  31.0  31.0  31. 

Platinum 193-4  194-9  195-2  194-8 

Potassium 38.82  39.11  39-140  39.15 

Praseod3rmium 139-4  140.5  140.5  140.5 

Rhodium 102.2  103.0  103.0  103. 

Rubidium 84.75  85.4  85.44  85.4 

Ruthenium 100.9  101.7  101.7  101.7 

Samarium 149.2  150.3  150.0  150. 

Scandium 43.8  44.  i  44.  44.  i 

Selenium 78.6  79.2  79.2  79.1 

Silicon 28.2  28.4  28.4  28.4 

Silver 107.11  107.92  107.930  107.93 

Sodium 22.88  23.05  23.050  23.05 

Strontium 86.95  87.60  87.68  87.6 

Sulphur 31:83  32.07  32.065  32.06 

Tantalum 181.5  182.8  183.  183. 

Tellurium 126.5  127.5?  127.5?  127. 

Terbium 158.8  160.  160.  

Thallium •  202.61  204.15  204.1^  204.  i 

Thorium 230.8  232.6  233.  232.5 

Thulium 169.4  170.7  170.?  171. 

Tm 118.1  119.0  119.0  118.5 

Titanium 47.8  48.15  48.17  48.1 

Tungsten 182.6  184.  184.4  184. 

Uranium 237.8  239.6  240.  239.5 

Vanadium 51.0  51.4  51.4  5i-2 

Xenon ••••  ••••  128. 

Ytterbium 171.9  173.2  173.  173. 

Yttrium 88.3  89.0  89.0  89. 

Zinc 64.9  65.4  65.40  65.4 

Zirconium 89.7  90.4  90.5  90.7 


[Contributions  from  the  Laboratories  of  the  Massachusetts  Insti- 
tute OF  Technoi,ogy.] 

THE    DETERniNATION    OF    PHOSPHATES    IN    POTABLE 

WATERS. 

By  a.  G.  Woodman  and  I«.  I«.  Cayvan. 

Received  December  ei,  1900. 

THE  estimation  of  phosphates  is  a  part  of  the  sanitary  exam- 
ination of  waters  which  has  been  somewhat  neglected  in 
the  past,  doubtless  because  the  ordinary  methods  of  determina- 
tion are  quite  tedious  and  because  the  exact  significance  to  be 
attributed  to  the  presence  and  amount  of  phosphates  is  a  ques- 
tion still  in  abeyance.  There  can  be  no  question,  however,  in 
consideration  of  the  probable  decomposition  and  oxidation  of  the 
organic  phosphorus  compounds  in  animal  excretions,  that  an 
excessive  amount  of  phosphates  in  a  water,  unless  otherwise 
accounted  for,  is  an  indication  of  pollution.  If  then  the  amount 
could  be  estimated  by  a  method  sufficiently  simple  and  rapid, 
enough  data  might  readily  be  gathered  to  render  the  determina- 
tion of  much  greater  value  than  at  present.  Especially  would 
this  be  true  in  comparing  several  waters  from  the  same  locality. 

Repeated  trials  of  methods  which  have  been  proposed  have 
shown  that  there  is  none  which  is  perfectly  satisfactory  for  accu- 
rate and  rapid  work.  The  extremely  small  quantities  of  phos- 
phate found  even  in  polluted  waters  would  seem  to  preclude  the 
use  of  gravimetric  methods.  Such  methods,  however,  have  been 
used.  Hehner,*  and  also  Harvey,*  concentrate  a  large  quantity 
of  the  water  and  determine  the  phosphate  gravimetrically  as 
ammonium  phosphomolybdate.  All  gravimetric  methods  are 
objectionable  on  account  of  the  time  required.  Furthermore,  not 
being  very  delicate,  they  necessitate  considerable  concentration, 
which,  as  will  be  shown  later,  almost  invariably  occasions  a  loss 
of  phosphate.  Phipson'  precipitates  the  phosphate  from  a  large 
volume  of  water  by  means  of  alum  and  an  excess  of  ammonia, 
making  the  final  precipitation  with  ammonium  molybdate.  The 
process  is  a  long  one  and  experiments  with  a  more  delicate  method 
showed  that  the  precipitation  of  the  phosphate  is  not  complete. 

1  Analysis  4»  23  ;  and  5,  135. 
«/5iVf.,  (1880).  197. 
«  Chem.  A'rws,  56,  251. 
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On  the  whole,  the  colorimetric  methods  seem  best  adapted  for 
the  determination.     Several  such  methods  have  been  proposed, 
based  on  the  color  given  to  dilute  phosphate  solutions  by  ammo- 
nium molybdate  in  the  presence  of  nitric  acid.     Lepierre*  evapo- 
rates a  liter  of  water,  dehydrates  the  silica  by  repeated  evapora- 
tions with  nitric  acid,  ignites  strongly,  and  filters.     The  phos- 
phate in  the  filtrate  is  estimated  colorimetrically  by  ammonium 
molybdate.     Jolles  and  Neurath'  use  potassium  molybdate  instead 
of  the  ammonium  salt,  and  Jolles'  has  applied  the  method  to  the 
determination  of  phosphoric  acid  in  water,  removing  the  silica 
from  the  residue  obtained  by  the  evaporation  of  a  liter  of  water 
by  ignition  at   130°  C.     These  methods  are  open  to  the  same 
objections  as  the  gravimetric  methods,  namely  that  by  requiring 
the  evaporation  of  large  quantities  of  water  they  introduce  serious 
liability   to   error  and  are  too    tedious    to  be  of  general  use. 
Furthermore,  the  temperature  at  which  the  residue  should  be 
ignited  to  remove  silica  is  a  matter  of  importance,  especially  when 
dealing  with  small  amounts.     In  view  of  these  considerations  it 
was  deemed  advisable  to  make  a  critical  study  of  the  colorimetric 
methods. 

APPARATUS  AND  REAGENTS. 

Ammonium  Molybdate, — 50  grams  of  the  pure  neutral  salt  were 
dissolved  in  a  liter  of  distilled  water. 

Nitric  Acid  {s^.  gr.  1.07). — ^Approximately  one  part  of  acid 
(sp.  gr.  I  .42)  to  five  parts  of  water. 

Standa  rd  Phosphate  Solution,-  -o,^yz^  gram  of  pure  crystallized 
sodium  phosphate  (NagHP04.i2H,0)  was  dissolved  in  freshly 
distilled  ^vater,  100  cc.  of  nitric  acid  {1.07)  added,  and  the  whole 
diluted  to  i  liter.  This  solution  is  diluted  to  make  the  standards. 
One  cc.  =  o.oooi  gram  P,Oj.  The  solution  keeps  without 
change  for  several,  months  if  preserved  in  well-stoppered  bottles 
of  hard  g^lass ;  after  a  longer  time  it  becomes  slightly  stronger, 
owing  to  the  silica  dissolved  from  the  glass. 

Standard  Silica  Solution, — About  5  grams  of  precipitated  and 
washed  silica  were  dissolved  in  an  excess  of  sodium  hydroxide 
made  from  metallic  sodium.     The  solution  was  made  faintly  acid 

1 BM.  Soc,  Cktm.,  X5>  12x3  (1896). 

<  Moiuitshe/U^  19,  5  (1898). 

»  Arckiv.f,  Hygi€n€^  34,  22  (1899). 
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with  nitric  acid,  diluted  to  a  definite  volume,  and  the  silica  deter- 
mined in  an  aliquot  part.  The  standard  solution  was  made  by 
diluting  this  strong  solution  until  i  cc.  =  o.ooi  gram  SiO,. 

It  was  found  that  sodium  or  potassium  molybdate  ofFered  no 
particular  advantages  over  the  ammonium  salt.  The  color 
obtained  was  no  more  intense  and  was  distinctly  greener,  which 
made  the  reading  of  the  standards  much  more  difficult.  It  was 
found  also  that  for  a  given  amount  of  the  phosphate  solution  the 
depth  of  color  and  the  rapidity  with  which  it  developed  depended 
to  a  certain  extent  upon  the  quantity  of  reagents  used.  The  best 
results  were  obtained  by  the  use  of  4cc.  of  the  ammonium  molyb- 
date solution  and  2  cc.  of  the  nitric  acid. 

For  comparing  the  colors  the  ordinary  Nessler  tubes  were  used 
at  first,  but  it  was  found  that  if  tubes  of  too  small  diameter  were 
used  the  colors  were  not  easily  read  ;  if  of  too  large  diameter  the 
delicacy  of  the  reaction  is  considerably  decreased.  The  tubes 
which  have  been  found  most  satisfactory  have  a  capacity  of  100 
cc.  They  are  of  hard,  white  glass,  about  2.5  cm.  in  diameter  and 
24  cm.  long  to  the  100  cc.  mark.  The  color  is  a  rather  difficult 
one  to  read  closely  and  for  very  accurate  readings  probably  some 
form  of  colorimeter  could  be  used  to  advantage.  For  any  but  the 
most  refined  work,  however,  it  will  be  found  amply  sufficient  to 
compare  the  tubes  by  a  north  light  against  a  reflecting  white  sur- 
face, such  as  a  pure  white  unglazed  porcelain  tile  supported  at  an 
angle  of  about  40°.  This  procedure  was  followed  in  all  this 
work,  and  was  found  most  practical  where  a  number  of  tubes  are 
to  be  compared  rapidly. 

Using 'no  greater  precautions  than  those  just  described,  the 
delicacy  of  the  test  is  considerable.  If  care  is  taken  to  choose  two 
tubes,  identical  in  all  respects,  it  is  possible  to  detect  0.002  cc.  of 
the  standard  phosphate  solution  in  50  cc.  of  water.  If  the  tubes 
are  heated  to  60°  C.  o.ooi  cc.  can  be  read.  The  delicacj'^  of  the 
reaction  is  therefore  sufficient  to  show  the  presence  of  1  part  of 
phosphate  as  P^Oj  in  500,000,000  parts  of  water.  On  the 
other  hand,  comparatively  large  quantities  of  phosphate  may  be 
present  in  50  cc.  of  water,  without  causing  precipitation  or  tur- 
bidity on  the  addition  of  the  reagents  except  after  standing  a 
considerable  time.  On  account  of  the  difficulty  in  matching  the 
more  intense  colors  no  higher  standard  than  10  cc.  of  the  standard 


PHOSPHATES  IN  POTABLE  WATERS.  99 

• 

solution  in  50  cc.  of  water  is  ever  used,  and  it  has  been  deter- 
mined by  direct  experiment  that  a  standard  as  high  as  this  will 
not  become  turbid  at  room  temperature  for  twelve  or  fifteen 
hours.  The  color  of  the  phosphate  standard  is  an  additive  prop- 
erty ;  it  makes  no  difference,  apparently,  whether  the  higher 
standards  are  made  up  directly  or  by  the  addition  of  more  of  the 
standard  solution  to  the  lower  standards. 

The  question  of  the  permanency  of  the  phosphate  standards 
-was  one  of  the  first  ones,  investigated.  Lepierre,  in  the  article 
previously  cited,  stated  that  the  phosphate  standards  can  be  pre- 
served for  several  months  without  change.  Careful  comparison 
of  a  number  of  standards  from  day  to  day,  however,  showed  that 
this  was  not  strictly  true.  The  change  in  some  of  the  higher 
standards  while  slight  was  still  distinctly  noticeable  when  care- 
fully observed,  and  in  others,  especially  the  lower  ones,  the  color 
faded  so  much  in  two  or  three  days  that  the  standards  were  ren- 
dered useless.  Nor  was  any  other  substance  found  giving  the 
right  color  which  was  suitable  for  the  preparation  of  permanent 
standards.  The  most  satisfactory  was  a  dilute  solution  of  picric 
acid,  which  gave  a  yellowish  green  color  very  similar  to  the 
phosphate  color.  But  it  was  found  impossible  to  keep  even 
these  standards  in  glass  tubes  since  the  solvent  action  on  the 
alkali  of  the  glass  was  sufficient  to  form  a  slight  amount  of  the 
alkali  picrate,  which  has  a  more  intense  color  than  the  picric  acid 
itself;  hence,  the  standards  slowly  increased  in  color.  The  attempt 
was  therefore  abandoned  and  fresh  phosphate  standards  were  used 
for  all  comparisons. 

STUDY  OF  THE  PHOSPHATE  REACTION. 

For  a  given  volume  of  water  and  a  definite  amount  of  reagents 
the  depth  of  the  phosphate  color  is  a  function  of  two  factors ; 
namely,  the  amount  of  phosphate  present  and  the  temperature. 
To  determine  the  exact  effect  of  the  latter  for  the  conditions 
employed  in  this  work,  readings  of  various  phosphate  standards 
were  made  at  different  temperatures.  Differing  amounts  of  the 
standard  solution  were  diluted  to  50  cc,  and,  after  the  addition 
of  the  reagents,  were  heated  gradually  in  a  water-bath  from  20** 
to  60*^  C.  Readings  were  taken  every  5°.  If  the  reagents  are 
added  after  heating,  the  colors  are  not  so  clear.     The  heating  was 
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not  carried  beyond  60®  because  above  this  temperature  the  stand- 
ards become  cloudy  and  the  higher  standards  tend  to  precipitate. 
The  maximum  color  is  given  between  90°  and  100°,  but  the  ten- 
dency to  precipitation  renders  the  reading  at  this  temperature  im- 
practicable. The  most  satisfactory  colors  are  obtained  at  20^-30°, 
practically  at  room  temperature.     A  variation  of  a  few  degrees 

causes  only  a  slight  error.  The  results  are  given  in  the  following 
table  : 

Amounts  phos- 
phate added.               250.          30°.         350.         40^.          45**-          50^.         55**-  60®. 

6  cc 6.2        7.2        7.7        8.2        8.7        9.6        ...  10.2 

6.2        7.2        7.8       8.3        8.7      ro.2      10.4  10.7 

6.2        7.7        8.2        9.0       9.2        9.7      10.4  10.3 

Average    6.2        7.3        7.6        8.5        9.0        9.8      10.4  10,5 

5  cc 5.1        5.9        6.6        7.3        7.8        8.0        8.6  9.6 

5.1        5.3        6.1        7.2        7.9        8.4        8.6  9.4 

5.1        5.2        6.3        7.1        8.0        8.3        8.7  8.9 

5.1        5.6        6.6        7.0        7.8        8.5        8.6  9.2 

Average   5.1        5.5        6.4       7.2        7.9       8.3       8.6  9.2 

4CC 4.1        4.7        5.1        5.4        6.4        6.6        6.9  7.1 

4.1        4.8        5.1        5.5        6.4        6.5        6.8  7.3 

4.1  4.8        5.1        5.5        6.4        6.6        7.0  7.4 

^^"^^                                 ^■^'■■■^                                 ^~^^^                                 ^^"^^                                ^W— ^^                                  ^^^^»                                 «M^M^M  a^^^^                                  « 

Average   4.1        4.7        5.1        5.5        6.4        6.6        6.9  7.2 

3CC 3.1        3.4        3-9        4.5        5.1        5.7        5.8  6.2 

3.4        3.7        4.4        4.7        5.2        5.3        5-7  5.9 

3.2  3-7        3.9        4.3        4.9        5.4        5-5  6.2 

Average    3.2        3.6        4.1        4.5        5.1        5.5        5.7  6.1 

2CC 2.2        2.5        2.7        2.9        3.1        3.4        3.6  3.9 

2.2        2.5        2.8        3.1        3.2        3.4        3.7  3.9 

2.4        2.6        2.9        3.0        3.3        3.4        3.5  3.9 

Average    2.2        2.5        2.8    •    3.0        3.2        3.4        3.6  3.9 

ICC I.I        1.2        1.4        1.5        1.5        1.7        1.9  1.9 

I.I        1.2        1.3    •    1.4        1.5        1.7        1.8  1.8 

I.I        1.2        1.4        1.5        1.5        1.5        1.7  2.0 

Average   i.i        1.2        1.4        1.4        1.5        1.6        1.8  1.9 

0.7  CC 0.75      0.80      0.85      0.95      I.I        1.2        1.25  1.27 

0.75      0.80      0.85      0.90      1.05      1. 15      1.25  1.28 

0.75      0.80      0.83      0.95      1.05      1. 15      1.20  1.25 

Average  0.75      0.80     0.85      0.93      1.05      1.17      1.22  1.26 
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Amounts  phos- 
phate added.  35°.  30^.         350.         40P.         450.         50®.         550         60°. 

0.5  cc 0.60      0.65       0.70      0.80      0.90      0.95       1.05       1. 10 

0.60      0.60      0.65      0.75      0.85      0.90      0.95       0.95 

0.60      0.65       0.70      0.75      0.85      0.85      0.95       0.95 

Average  0.60  0.65  0.70  0.77  0.87  0.90  0.98  i.oi 

0.4  cc 0.45  0.50  0.55  0.65  0.70  0.75  0.80  0.80    . 

0-45  0-55  0-55  0.57  0.60  0.65  0.70  0.70 

0-45  0-55  0-55  0.58  o'.6s  0.67  0.70  0.70 

Average  0.45      0.53      0.55      0.60      0.65      0.68      Q.72      0.72 

0.3  cc 0.33      0.36      0.39      0.44      0.48      0.58      0.63      0.68 

0.33      0.36      0.39      0.45      0.50      0.55      0.60      0.65 
0-33      036      0.39      0.44      0.54      0.58      0.60      0.65 

Average  0.33      0.36      0.39      0.44      0.51      0.57      0.61      0.66 

0.2  cc 0.23      0.27      0.31      0.32      0.34      0.37      0.38      0.39 

0.23      0.27      0.30      0.33      0.33      0.36      0.38      0.39 
0.23      0.27      0.30      0.33      0.34      0.37      0.38      0.39 

Average   0.23      0.27      0.30      0.33      0.34      0.37      0.38      0.39 

0.1  cc o.ii      0.13      0.14      0.16      0.17      0.18      0.19      0.20 

0.12      0.13      0.14      0.16      0.17      0.18      0.19      0.20 

Average  o.ii      0.13      0.14      0.16      0.17      0.18      0.19      0.20 

Some  of  the  results  are  shown  graphically  in  Fig.  i,  in  which 
readings  have  been  taken  as  ordinates  and  temperatures  as  abscis- 
sas. The  curves  show  slight  irregularities,  due  to  the  diflSculty 
of  reading  exactly.  The  increase  in  color  with  increased  temper- 
ature is  considerable,  double  in  the  higher  standards.  All  of  the 
standards  on  cooling  go  back  to  less  than  their  original  color. 
No  case  of  precipitation  occurred,  although  some  of  the  highest 
standards  were  too  turbid  to  be  read  easily. 

Several  of  the  methods  previously  proposed  for  the  determina- 
tion of  phosphates  involve  the  concentration  of  the  water,  fol- 
lowed by  heating  at  various  temperatures.  Preliminary  experi- 
ments had- shown  the  liability  to  loss  during  such  procedure,  and 
the  point  was  further  investigated.  One  liter  of  water,  containing 
5  cc.  of  phosphate  solution  and  2  cc.  of  nitric  acid,  was  evaporated 
to  dryness  ;  a  loss  of  16  per  cent,  of  the  phosphate  occurred. 
Phosphate  standards  made  up  in  a  volume  of  50  cc. ,  with  vary- 
ing amounts  of  nitric  acid,  were  evaporated  to  dryness  and  some 
of  them  heated  in  an  air-bath  at  100°  for  periods  varying  from 
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Fig.  1. 

fifteen  minutes  to  two  hours.  A  loss  of  phosphate  always 
occurred  whether  done  in  platinum  or  porcelain  dishes.  Other 
standards  were  evaporated  and  heated  at  135°  C,  still  others  were 
ignited  over  a  free  flame  ;  a  loss  was  found  in  all  cases.  An  idea 
of  the  magnitude  of  the  loss  may  be  gained  from  the  following 
figures  : 
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Evaporated  without  Nitric  Acid  and  Hbatbd  One  Hour  at  100°. 

In  porcelain  diBhes.  In  platinum  dishes. 

Atnonnt  added  O.I    0.2    0.5    i.o    2.0    5.0        o.i    0.2    0.5    i.o    2.0    5.0 
**        found  o.i    0.18  0.45  0.75  1.8    4.9        0.07  0.12  0.4    0.85  1.8    4.9 

Evaporated  as  Above  but  Heated  One  Hour  at  135®. 

In  porcelain  dishes.  In  platinum  dishes. 

Amouiit  added  0.1    0.2    0.5    i.o    2.0    5.0        o.i    0.2    0.5     1.0    2.0    5.0 
•*        found  0.0    0.0    0.0    1.0    1.5    4.0        0.0    0.0    O.I    0.6    1.3    2.7 

In  all  cases  where  nitric  acid  was  used  and  the  residue  was 
heated  at  100^,  the  loss  on  a  2  cc.  standard  was  from  0.02  to  0.22 
cp.  greater  the  more  acid  used.  •  Where  the  ignition  was  made 
over  a  free  flame  the  loss  varied  from  25  to  50  per  cent. ,  highest 
in  the  low  standards.  Without  the  addition  of  nitric  add  the 
loss  on  evaporation  was  very  irregular.  In  the  presence  of  a 
definite  quantity  of  add  the  los^  was  more  nearly  constant. 
Without  going  into  great  detail  it  may  be  said  that  it  was  ap- 
parent that  the  loss  was  due  to  some  change  taking  place  while 
the  solution  is  dilute  and  hot.  The  total  loss  ©ccurs  usually 
during  the  concentration  of  the  solution  to  one-half  its  volume. 

THE  EFFECT  OF  SILICA. 

The  properties  of  dilute  solutions  of  ammonium  silicomolybdate 
were  also  studied  since  silica  is  the  principal  substance  which 
interferes  with  the  phosphate  test. 

Solutions  made  up  with  varying  quantities  of  the  standard 
silica  solution  gave  a  color  immediately  upon  adding  the  reagents. 
With  small  and  medium  amounts  of  silica  the  color  was  slight 
compared  with  that  developed  in  an  hour  ;  with  high  silica 
standards  considerable  color  developed  instantly.  It  is  interest- 
ing to  note  that  ammonium  molybdate  alone  with  a  silica  solution 
made  exactly  neutral,  develops  a  faint  color  in  an  hour,  but  with 
a  phosphate  standard  no  color  appears  except  in  the  presence  of 
nitric  add.  In  twenty-four  hours  the  color  due  to  the  silico- 
molybdate fades  appreciably  ;  it  is  greener  than  the  color  of  the 
phosphomolybdate. 

To  determine  the  time  necessary  for  silica  standards  to  attain 
their  maximum  color  var3ang  standards  were  mixed  with  the 
reagents  and  50  cc.  of  water  and  compared  at  definite  intervals 
10-23 
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with  fresh  phosphate  standards.     The  readings  in  terms  of  the 
standard  phosphate  solution  are  given  in  the  following  table  : 

cc.  SiO|  i/a  I  1.5  a. 5  3  3.5 

used.  hour.  hour.  hours.  hours.  hours.  hours. 

0. 1 0.03  0.07  0.09  0.03  0.02  0.03 

0.7 0.56  0.65  0.67  0.72  0.70  0.67 

i.o 0.92  0.96  i.oi  1.02  1.07  1.05 

3.0 2.75  2.88  2.95  3.01  2.95  2.95 

7.0 6.65  6.75  6.95  7.00  7.10  7.20 

lo.o V70  9-95  9-99  9-95  9-95 

cc.  SiOs  4.5  .   5  ^5-5  ^6  6.5  ^7 

used.  hours.  hours.  hours.  hours.  hours.  hours. 

O.I 0.02  O.OI  O.OI  o.oi  0.008  0.008  • 

0.7 0.67  0.67  0.66  0.66  0.65  0.65 

1.0 1.05  1.04  1.03  1.03  1.02              1.02 

30 3.10  3.20  3.20  3.25  3.30  3.40 

7.0 7.20  7.20  7.25  7.25  7.30  7.35 

lo.o 9.95  9.95  •      9.95  9.95  9.95  9.90 

It  will  be  noticed  that  the  lower  standards  reach  a  maximum  in 
about  two  or.  three  hours,  and  then  begin  to  fade  ;  the  medium 
standards  do,  not  seem  to  reach  a  maximum  even  after  seven 
hours. 

A  number  of  silica  standards,  after  standing  one  hour,  were 
heated  from  20®  to  100°  in  a  water-bath.  The  color  did  not 
change  in  intensity  until  70^-80°  was  reached,  when  it  began  to 
fade,  decreasing  up  to  100°.  The  color  did  not  return  to  its 
original  intensity  on  cooling  slowly  to  20®. 

Experiments  made  to  determine  the  conditions  under  which 
minute  quantities  of  silica  might  be  rendered  entirely  insoluble, 
showed  that  evaporation  with  nitric  acid  and  heating  at  100°  for 
an  hour  was  insuflScient ;  when  the  same  standards  were  evapo- 
rated and  heated  at  135°  for  an  hour,  recombination  took  place 
and  some  of  the  silica  remained  soluble.  On  heating  the  residues 
for  two  hours  at  100°  instead  of  one  hour,  however,  no  silica 
remained  soluble.  The  results  are  shown  in  the  following  table : 
1,2,  and  5  cc.  of  the  standard  silica  solution  were  diluted  to  50 
cc,  10  drops  of  nitric  acid  were  added,  the  solutions  evaporated 
to  dryness  in  porcelain  dishes,  and  heated  at  different  tempera- 
tures for  two  hours.  The  residue  was  taken  up  in  cold  water  and 
the  color  read  after  standing  one  hour  : 
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Tanpenture.  Readings.  Per  c«nL  undehydrated  S10|. 


>3S° 


These  results  are  shown  graphically,  using  percentages  of 
undehydrated  silica  as  ordinates  and  temperatures  as  abscissas,  in 
Fig.  3. 
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IMB.1. 
OTBBS  COMPOUNDS  WHICH  MIGHT  INTBRFBRB. 
Since  vanadium  and  titanium  resemble  phosphorus  and  silicon 
quite  closely  in  many  of  their  properties,  vanadates  and  titanates 
might  interfere  with  the  determination  of  phosphates  by  a  colon- 
metric  method.     IHtanium  is  especially  liable  to  occur  in   the 
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natural  waters  of  regions  containing  diorites  and  titanium-bearing 
ores  like  ilmenite.  The  presence  of  these  elements  has  been 
observed  in  natural  waters. 

Dilute  solutions  of  sodium  titanate  gave  a  pale  greenish  yellow 
color  with  ammonium  molybdate  ^d  nitric  acid,  but  much  less 
intense  than  the  phosphate  color.  The  color  did  not  fade  within 
an  hour,  but  at  20*^  C.  it  took  twelve  minutes  for  it  to  appear. 
By  evaporation  with  nitric  acid,  and  subsequent  heating  at  100^ 
for  two  hours,  the  titanium  oxide  was  rendered  completely  insol- 
uble. 

Ammonium  vanadate  gave  with  the  ammonium  molybdate  alone 
a  yellow  color  which  was  permanent  for  several  hours,  but  upon  the 
addition  of  nitric  acid  this  color  faded  completely  in  five  minutes. 
Experiments  with  a  standard  solution  of  ammonium  vanadate 
showed  that  the  color  given  by  as  much  as  0.0003  gram  of  VjO, 
in  50  cc.  of  water  fades  out  entirely  in  four  minutes.  Inciden- 
tally it  was  found  that  o. 00000 1  gram  of  VjO,  could  be  detected 
readily  in  a  volume  of  50  cc.  It  is  evident  that  the  small  quanti- 
ties of  vanadium  which  occur  in  natural  waters  will  not  interfere 
with  the  determination  of  phosphates. 

COLORIMETRIC  ESTIMATION  OF  PHOSPHATES   IN   THE    PRESENCE 

OF    SILICA. 

The  previous  results  had  shown  the  possibility  of  a  method 
based  on  the  dehydration  and  elimination  of  the  silica.  The 
conditions  must  be  such  that  the  total  phosphate  or  a  definite 
portion  of  it  shall  be  left  intact  and  that  the  silica  shall  be  ren- 
dered entirely  insoluble.  The  following  method  was  finally 
adopted  as  the  one  giving  the  most  satisfactory  results  : 

Fifty  cc.  of  the  water  and  3  cc.  of  nitric  acid  (sp.  gr.  1.07),  are 
evaporated  to  dryness  in  a  3-inch  porcelain  dish  on  a  water-bath. 
The  residue  is  heated  in  an  oven  fdt  two  hours  at  the  tempera- 
ture of  boiling  water.  The  dry  residue  is  then  treated  with  50 
cc.  of  cold  distilled  water,  added  in  several  portions,  and  poured 
into  the  comparison  tube.  It  is  not  necessary  to  filter  the  solu- 
tion. Four  cc.  of  ammonium  molybdate  and  2  cc.  of  nitric  acid 
are  added,  the  contents  of  the  tube  mixed,  and  the  color  com- 
pared after  three  minutes  with  standards  made  by  diluting  vary- 
ing quantities  of  the  standard  phosphate  solution  to  50  cc. ,  and 
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adding  the  reagents  as  above.  A  blank  should  always  be  made 
on  the  distilled  water  used  for  dilution,  especially  if  it  has  stood 
for  any  length  of  time  in  glass  vessels. 

The  method  as  just  described  will  be  sufficient  for  ordinary 
work.  If  a  more  exact  determination  of  the  phosphate  is 
required  a  slight  correction  should  be  applied  in  each  case.  These 
corrections  were  determined  by  making  a  number  of  determina- 
tions by  the  method.  The  results  are  shown  in  the  following 
table.     The  first  two  series  had  2  cc.  of  standard  silica  solution 


Phosphate 
added. 

•  1    •*- 

lA    7          ^MA-^r 

mrm  m-y^^j  ^  *,»,*»  i>^ 

w. 

Phosphate  found. 

Average. 

Correction. 

O.I 

0.07 

0.09 

o.io    o.io    0.09 

0.09 

0.09 

O.OI 

05 

0.46 

0.47 

0.46   0.45    0.43 

0.45 

0.45 

0.05 

0.7 

0.63 

0.64 

0.64    0.65    0.64 

0.66 

0.65 

0.05 

I.O 

0.85 

0.85 

0.86   0.86   0.84 

0.83 

0.85 

0.15 

30 

2.55 

2.65 

2.50    2.50    2.60 

3.65 

2.60 

0.40 

50 

4.55 

4-55 

4.45    4-45    4.50 

4.50 

4.5^ 

0.50 

7.0 

6.65 

6.60 

6.55    6-55    6-6o 

6.65 

6.60 

0.40 

lO.O 

9.60 

965 

9.55    960    9.60 

9.55 

9.60 

0.40 

Since  organic  life  is  present  in  greater  numbers  and  is  more 
active  in  surface  waters  than  in  ground  waters,  it  is  evident  that 
the  determination  will  be  of  greatest  value  for  the  examination  of 
wells.  Well  waters  are  usually  colorless,  and  to  them  the  method 
may  be  applied  directly.  It  is  not  yet  suitable  for  colored  waters. 
The  determination  of  phosphates  is  at  present  being  carried  on  in 
this  laboratory  as  a  routine  determination  and  the  results  will  be 
published  as  soon  as  sufficient  data  have  accumulated  to  render  a 
discussion  of  the  entire  question  of  value. 

Boston,  Mass.,  December  ao,  1900. 
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EXPERIMENTS  ON  CHALCOPYRITE. 

By  I«bona&d  p.  Morgan  and  Edgar  P.  Smith. 
Received  December  6. 1900. 

AT  various  times  experiments  have  been  made  in  this  labora- 
tory looking  to  the  determination  of  the  constitution  of 
<»rtain  natural  chemical  products.  Thus,  the  state  of  oxidation 
of  the  iron  in  pjrrite,  marcasite,  and  arsenopyrite  has  received 
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considerable  attention,  and  in  the  present  communication  it  is 
desired  to  give  the  results  of  similar  experiments  made  upon  the 
mineral  chalcopyrite.  Weighed  portions  of  the  latter  were 
exposed  in  porcelain  boats  to  the  action  of  dry  hydrochloric  acid 
gas.  As  the  mode  of  procedure  has  been  sufficiently  detailed  in 
former  papers,  it  may  be  omitted  here.  It  will  suffice  to  note 
that  the  heat  was  obtained  from  a  single  Bunsen  burner  with  a 
wing  top.  The  period  of  heating  covered  one  hour,  beginning 
of  course  with  a  gentle  heat  and  increasing  finally  to  a  full  red 
heat.  The  boat  and  contents  were  allowed  to  cool  in  the  gas. 
On  their  withdrawal  from  the  tube  they  were  placed  in  a  beaker 
containing  distilled  water.  The  combustion  tube  was  also 
washed  out  carefully  with  water.  The  aqueous  solution  of  the 
iron  salt  was  strongly  diluted,  acidified  with  sulphuric  add  and 
the  liquid  titrated  with  potassium  permanganate. 


Rrsui^ts. 

Chalcopjrrite. 

Iron  found. 

Iron  found. 

Gram. 

Gram. 

Per  cent. 

I 

0.2II2 

0.06489 

30.72 

2 

0.2039 

0.06231 

30.56 

3 

0.2007 

0.06164 

30.70 

4 

0.1996 

0.06128 

30.67 

5 

0.2089 

0.06398 

30.63 

6 

0.2140 

0.06553 

30.62 

In  several  instances  the  liquid  in  the  receiver  placed  at  one  end 
of  the  combustion  tube  showed  traces  of  ferric  iron  when  the 
thiocyanate  test  was  applied.  This  might  readily  occur  when 
it  is  remembered  that  the  quantity  of  ferrous  chloride  thus  vol- 
atilized was  exceedingly  small  and  that  its  exposure  during  the 
time  required  for  the  completion  of  the  experiment  would  be 
enough  to  cause  its  oxidation.  However,  the  quantity  of  ferric 
iron  was  extremely  small. 

The  formula  generally  assigned  the  mineral  is  CuFeS,,  which 
would  require  30.5  per  cent,  of  iron.  The  results  given  above 
therefore  indicate  a  complete  decomposition  of  the  material  by 
hydrochloric  acid,  and  also  show  that  all  of  the  iron  is  in  the  fer- 
rous state.  This  proved  to  be  the  case  with  marcasite.  As 
hydrochloric  acid  gas  does  sometimes  act  as  a  reducing  agent, 
there  was  a  possibility  that  perhaps  it  might  have  transformed 
any  ferric  iron  present  in  the  mineral  into  the  ferrous  condition. 
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To  render  the  results  as  certain  as  possible,  portions  of  the 
mineral  were  carefully  heated  in  sealed  tubes  with  a  solution  of 
copper  sulphate,  as  had  been  done  with  marcasite.  The  evidence 
gathered  in  this  way  corroborated  the  first  experience  and  it  can 
safely  be  asserted  that  chalcopyrite  contains  all  of  its  iron  in  the 
ferrous  form,  and  that  the  mineral  is,  perhaps,  nothing  more 
than  a  substituted  marcasite,  in  which  copper  has  replaced  its 
equivalent  of  iron. 

VmvBMarrv  of  Pxnnstlvania. 
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By  M.  Gombbro. 
Received  January  »,  X901. 

THE  recent  publication  by  Norris  and  Sanders*  on  the  same 
subject  induces  me  to  make  a  few  remarks  at  this  time.  It 
is  far  from  my  intention  to  enter  into  any  controversy  whatever. 
I  merely  wish  to  call  attention  to  the  following  few  points  : 

(i)  My  paper  on  **  Triphenylchlormethane''^  was  first  pre- 
sented by  me  at  the  Columbus  Meeting  of  the  American  Associa- 
tion for  the  Advancement  of  Science,  August,  1899.  Norris  and 
Sanders  state  that  they  have  been  at  work  on  this  subject  for 
about  a  year.  Hence  this  subject  must  have  been  undertaken 
by  them  after  my  paper  was  presented.  It  was,  however,  entirely 
natural  that  they  should  have  overlooked  the  first  mention  of  my 
pa}>er,  since  it  was  given  in  the  Proceedings'  only  by  title. 

(2)  The  difference  in  procedure  between  my  method  and  that 
of  Norris  and  Sanders  consists  in  that  the  latter  used,  instead  of 
benzene  as  a  solvent,  carbon  disulphide, — a  diluent  first  introduced 
by  Anschiitz*  for  Friedel  and  Crafts'  reaction  in  general.  The  ap- 
plication of  this  solvent  in  the  present  instance  enabled  Norris  and 
Sanders  to  isolate  the  important  intermediate  product,  the  double 
salt  of  aluminum  chloride  and  triphenylchlormethane,  which  was 
not  obtained  by  me  at  all. 

(3)  Norris  and  Sanders  state*  that  the  action  of  sodium  upon 
triphenylchlormethane  is  entirely  negative,  even  on  two  weeks' 

»  Am.  Oum.J.y  35,  54- 

*  ThiB  Journal,  aa,  75a. 

3  Pxxxsedings  American  Association  for  the  Advancement  of  Science,  48, 152  (1899). 

^Ann.  Chem.  (I^iebig^),  aja,  341. 

»  Loc.  cit.,  p.  59. 
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contact  in  ether.  Only  on  the  addition  of  brombenzene  to  the 
above  mixture  did  a  reaction  take  place.  One  of  the  several 
products  was  a  body  free  from  halogen,  yet  on  analysis  the  car- 
bon and  hydrogen  did  not  add  up  to  loo  per  cent.  The  fact  that 
**  this  compound  resembles  closely  in  melting-point,  chemical  com- 
position, and  solubility*'  the  substance  (the  peroxide)  described 
by  me^  shows  that  it  is  an  oxygen  body.  One  fails  to  see,  however, 
how  Norris  and  Sanders  *  *  discovered  that  an  oxygen  compound 
was  formed  as  the  result  of  the  action  of  sodium  on  a  mixture  of 
triphenylchlormethane  and  brombenzene.'*  No  evidence  is 
given  that  they  excluded  all  oxygen-carrying  reagents,  such  as 
sodium  oxide,  and  that  this  was  not  the  cause  of  the  formation 
of  that  body,  or  that  they  worked  in  an  atmosphere  free  from 
oxygen,  and  in  this  way  established  the  non-formation  of  that 
body  under  these  conditions.  Furthermore,  if  the  substance  is 
really  identical  with  the  peroxide  mentioned,  it  is  not  the  result 
of  the  action  of  sodium  upon  a  mixture  of  the  two  halogen  com- 
pounds, but  is  formed  by  action  of  the  atmospheric  oxygen  upon 
the  unsaturated  hydrocarbon  (triphenylmethyl)  which  must  have 
resulted  in  some  way  from  the  action  of  sodium  upon  triphenyl- 
chlormethane alone.*  The  reaction  must,  therefore,  be  analogous 
to  that  described  by  me  for  other  metals  :  silver,  zinc,  and  mer- 
cury. Only  these  three  metals,  in  addition  to  the  unsatisfactory 
results  with  sodium,  are  mentioned  in  my  preliminary  paper. 
Other  metals,  however,  and  different  solvents,  have  also  been 
tried  and  are  being  studied  at  present.  Norris  and  Sanders  now 
*  *  propose  to  investigate  the  action  of  sodium  on  ethereal  solutions 
of  triphenylchlormethane  of  varying  concentrations.**  I  regret 
that  having  cleared  up  the  difficult  part  of  the  problem  (the 
action  of  metals  upon  triphenylhalogenmethanes)  I  am  not  to 
have,  as  it  appears  from  Norris'  publication,  this  field  to  myself 
for  a  while  longer.  It  was  stated'  in  my  preliminary  paper  that 
only  about  two-thirds  of  the  theoretical  quantity  of  the  unsatura- 
ted hydrocarbon  is  formed.  The  nature  of  the  other  products  is 
being  studied  and  I  find  that  this  varies  according  to  the  metal 
and  solvent  employed. 

Univbksity  of  Michigan,  Chbmical  Laboratory, 

January  9,  1901. 

>  This  Journal,  aa,  76a. 

9  Experiments  show  that  small  quantities  of  the  triphenylmethyl  are  produced  in  this 
way. 

*  This  Journal,  aj,  766. 
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PRBLIMINARY  REPORT. 

By  S.  Avbry  and  H.  T.  Bxaks. 
Received  October  30,  1900. 

FOR  the  past  six  months,  the  authors  of  this  article  have  been 
engaged  in  a  more  or  less  complete  investigation  of  the 
arsenical  insecticides,  and  while  working  with  Paris  green 
devoted  considerable  time  to  the  study  of  the  so-called  '*  soluble 
or  free  arsenious  oxide/'  and  methods  for  its  determination. 

The  recent  appearance  of  two  articles  in  this  Journal,  giving 
results  somewhat  different  from  those  obtained  by  us,  has  induced 
us  to  present  some  phases  of  our  work  in  this  preliminary  report. 

Briefly,  so  much  of  these  articles  as  has  to  do  with  the  subject 
tmder  consideration  may  be  summed  up  as  follows  : 

In  his  work  on  Paris  green,  J.  K.  Haywood'  tried  three  methods 
for  the  determination  of  soluble  arsenic. 

1.  A  quantity  of  Paris  green  was  weighed  on  a  filter  and 
extracted  with  cold  water.  Arsenic  trioxide  was  found  in  the 
filtrate  after  2  liters  of  water  had  been  used  and  the  method  was 
abandoned. 

2.  Portions  of  i  gram  each  were  suspended  in  500  cc.  of  water 
in  stoppered  flasks  and  the  arsenic  trioxide  in  solution  determined 
every  few  days.     The  following  table  of  results  is  given  : 


Arsenic  trioxide  extracted. 

Time  in  days. 

Per  cent. 

Paris  green  A 

2 

I.OI 

4 

1.68 

8 

2.69 

II 

4.02 

14 

4.02 

B 

9 

3.41 

12 

4.86 

14 

4.86 

The  author  says,  **  It  will  be  seen  that  this  method  finally  gave 
constant  and  very  likely  correct  results.*' 

3.  Extraction  with  water  kept  at  50**  to  60®.     The  solution 
was  filtered  off  and  replaced  by  fresh  water  each  day. 

^  This  Joamal,  aj,  768. 
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Time  in  days. 

Total  arsenic  trioxide  extracted 
Per  cent. 

I 

3.41 

2 

5.55 

3 

7.II 

4 

8.28 

5 

9-54 

6 

II. 10 

7 

Still  gaining 

Since  publishing  the  above,  Haywood*  has  observed  that  in 
applying  the  second  method  above,  some  copper  is  obtained  in  the 
filtrate,  indicating  either  the  solubility  of  Paris  green  in  cold 
water  or  its  decomposition  by  that  medium.  He  favors  the  former 
view,  and  to  increase  the  accuracy  of  the  method,  determines  the 
copper  in  solution  and  deducts  the  corresponding  amount  of 
arsenic  trioxide  from  the  total  arsenic  trioxide  in  the  solution. 

'*  It  is  of  course  possible,  even  probable,"  he  says,  **  that  the 
arsenious  and  copper  oxides  of  Paris  green  do  not  go  into  solu- 
tion in  water  in  the  same  proportion  that  they  are  present  in  the 
original  compound,  but  in  the  present  state  of  our  knowledge  it 
seems  to  be  the  most  plausible  assumption  that  they  do.*' 

The  second  article  mentioned  is  one  by  E.  W.  Hilgard.*  The 
author  states  that  a  correction  based  upon  the  amount  of  copper  in 
solution  cannot  be  made  since  the  copper  and  arsenic  do  not  dis- 
solve in  the  same  proportion  in  which  they  are  present  in  the 
original  substance.  As  an  illustration  he  gives  an  experiment  in 
which  cold  water  was  allowed  to  slowly  percolate  through  a  sam- 
ple of  Paris  green.  After  the  passage  of  2  liters  there  was  no 
reaction  for  copper,  though  the  arsenic  continued  to  be  extracted 
even  after  the  fifth  liter.  No  crystals  of  arsenic  trioxide  could 
be  detected  by  the  microscope  in  the  residue  thus  washed,  but 
only  fragments  of  crushed  globules. 

In  our  work  on  the  subject  ^we  used  a  large  number  of  samples. 
Several  samples  of  Paris  green  were  made  in  the  laboratory  as 
well  as  other  members  of  the  series  containing  formic,  propionic, 
and  butyric  acids,  respectively,  instead  of  acetic  acid.  We  studied 
these  as  well  as  many  commercial  samples  of  Paris  green.  We 
shall  confine  this  report,  however,  to  experiments  with  one  sample 
which  we  believe  to  be  nearly  pure  for  the  reasons :  ( i )  The 

>  This  Journal,  aa,  705. 
s  Ibid.^  aa,  690. 
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analysis  showed  the  percentages  of  cupric  oxide  and  of  arsenic 
trioxide  to  be  nearly  in  the  proportions  required  by  Ehrmann's 
formula.  (2)  By  treatment  with  boiUng  sodium  acetate  solu- 
tion according  to  the  method  given  later  in  this  paper,  less  than 
I  per  cent,  of  arsenic  was  extracted.  (3)  The  most  careful 
microscopic  examination  failed  to  disclose  anything  but  bright 
spheres  of  Paris  green.  (4)  The  unground  sample  on  standing 
with  water  gave  off  soluble  arsenic  at  a  slower  rate  than  any  other 
sample  that  we  have  examined. 

The  sample  was  divided  into  two  portions ;  Sample  "  A  "  was 
left  in  the  original  condition.     In  Sample  "  B"  the  granules  of 


/6 


/6 


/      a     3     4      S     6     F 
per  CanT. 

Paris  green  were  broken  by  grinding  in  a  mortar.  Several  lots  of 
o.  5  gram  were  weighed  from  each  of  these  samples  and  suspended 
in  500  cc.  of  distilled  water  contained  in  tightly  stoppered  cylin- 
ders. At  the  end  of  every  two  weeks,  250  cc.  of  the  solution  were 
filtered  off  and  titrated  with  standard  iodine.  The  results  of  this 
experiment  are  plotted  in  two  curves  here  given,  in  which  the 
time  in  weeks  is  given  as  ordinates  and  the  percentage  of 
arsenious  oxide  in  soluuon  as  abscissas.  Owing  to  the  marked 
difference  in  the  rate  of  solution,  the  two  curves  are  not  drawn 
to  the  same  scale. 

In  Curve  "B"  there  is  a  gradual  increase  in  soluble  arsenic 
trioxide   up  to  about  the  end  of  eight  weeks  when  35    per 
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cent,  is  reached.  Beyond  this  time  the  increase  is  slight,  being 
only  0.14  per  cent,  from  the  twelfth  to  the  sixteenth  week.  At 
this  time  there  was  found  in  the  filtrate  5.98  per  cent,  cupric 
oxide  probably  as  copper  acetate. 

Had  the  copper  and  arsenious  oxides  gone  into  solution  in  the 
proportion  in  which  they  were  present  in  the  original  sample, 
there  should  have  been  19.57  percent,  cupric  oxide  instead  of 
5.98  per  cent,  in  solution.  It  might  be  urged  that  the  excess  of 
arsenic  over  copper  might  be  due  to  uncombined  arsenic  trioxide 
in  the  sample.  Such  an  assumption  would  require  at  least  25  per 
cent,  of  uncombined  arsenic  trioxide. 

While  our  results  are  in  harmony  with  Hilgard's  conclusion 
that  copper  and  arsenic  do  not  dissolve  in  the  proportions  in 
which  they  exist  in  Paris  green,  no  close  comparison  of  the 
experiments  can  be  made  as  the  experiments  were  made  under 
different  conditions.  In  our  work  all  the  products  remained  in 
the  sphere  of  action.  In  Hilgard's  work  all  soluble  products 
were  allowed  to  filter  out  as  fast  as  formed.  His  green  seems, 
also,  to  have  been  exposed  to  the  action  of  the  air  during  the 
percolation. 

We  believe  that  the  action  of  water  on  Paris  green  is 
a  hydrolytic  action.  Leaving  out  of  consideration  the  probable 
formation  of  secondary  products,  it  is  probable  that  a  small 
amount  of  copper  acetate  (whence  the  soluble  cupric  oxide), 
soluble  arsenic  trioxide,  and  basic  copper  acetate  are  formed. 
The  reaction  seems  to  take  place  in  accordance  with  the  law  of 
mass  action,  a  state  of  equilibrium  being  reached  when  about  36 
per  cent,  of  arsenic  trioxide  has  passed  into  solution  under  the 
conditions  previously  stated.  It  is  quite  likely  that  all  the  arsenic 
could  be  rendered  soluble  by  replacing  the  supernatant  liquid  with 
fresh  water  from  time  to  time  and  allowing  to  stand  for  a  longer 
period.  In  addition  to  the  evidence  already  cited  in  support  of 
this  view  it  may  also  be  added  that  the  analysis  of  one  residue 
showed  42.92  per  cent,  cupric  oxide.  The  analysis  of  another 
showed  50.61  per  cent,  cupric  oxide.  This  would  be  in  har- 
mony with  the  assumption  of  an  increasing  amount  of  basic  acetate 
in  the  residues  as  the  arsenic  goes  into  solution. 

We  do  not  wish  to  lay  any  great  stress  on  the  probable  nature 
of  the  products  of  the  hydrolysis.     We  do,  however,  assert  that 
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all  samples  of  Paris  green  that  we  have  examined  (some  of  them 
nearly  pure  so  far  as  can  be  determined  by  all  known  tests)  are 
decomposed  into  soluble  arsenic  ;  that  we  have  extracted  36.79 
per  cent,  (considerably  over  one-half)  of  arsenious  oxide  from  a 
sample  which  we  have  every  reason  to  believe  was  practically 
pure,  and  that  in  all  cases  examined  the  per  cent,  of  copper  in 
the  residue  increases  as  the  arsenic  passes  into  solution. 

It  is,  of  course,  reasonable  to  suppose  that  the  same  kind  of 
action  takes  place  with  the  unground  sample,  only  much  mor^ 
slowly.  The  Curve  **A*'  shows  plainly  that  the  condition  of 
equilibrium  has  not  yet  been  reached  and  probably  the  arsenious 
oxide  would  go  into  solution  till  the  maximum  quantity  of  about 
36  per  cent,  had  been  reached. 

From  these  experiments  it  would  seem  that,  while  a  fair 
approximation  to  correct  results  may  be  obtained  in  some  cases 
by  suspending  Paris  green  in  1000  parts  of  water  and  allowing  to 
stand  for  a  week,  the  method  is  quite  arbitrary.  In  none  of  our 
work  have  we  noticed  any  marked  change  in  the  rate  of  solubility 
at  any  particular  time.  On  the  contrary,  the  amount  of  arsenic 
trioxide  in  solution  appears  to  depend  almost  entirely  on  the  length 
of  time  of  action,  the  concentration  of  the  solution,  and  the  state 
of  division  of  the  particles  of  Paris  green.  To  obviate  the  above 
difficulties  as  far  as  possible,  we  have  used  a  strong  solution  of 
sodium  acetate  instead  of  water.  The  use  of  such  a  solution  has 
two  advantages.  In  the  first  place,  arsenic  trioxide  is  much 
more  readily  soluble  in  a  solution  of  sodium  acetate  than  in  water, 
hence  much  less  time  is  required  and  consequently  there  is  much 
less  liability  to  decompose  the  Paris  green. 

Of  much  more  importance,  however,  is  the  fact  that  the 
presence  of  sodium  acetate  in  the  solution  largely  prevents  the 
hydrolyzing  action  of  water  on  the  compound,  thus  giving  a 
somewhat  sharper  distinction  between  free  arsenic  trioxide  and 
arsenic  trioxide  rendered  free  by  hydrolytic  action.  While  we 
believe  this  method  better  than  the  one  in  common  use,  it  still 
leaves  much  to  be  desired. 

For  the  determination  we  digest  over  the  open  flame  i  gram  of 
the  Paris  green  for  about  five  minutes  with  25  cc.  of  a  solution 
of  sodium  acetate  containing  12.5  grams  of  the  crystallized  salt. 
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The  solution  is  then  cxx)led,  made  up  to  loo  cc.  and  50  cc.  filtered 
off  and  titrated  with  standard  iodine  in  the  usual  way. 

In  connection  with  this  series  of  experiments,  we  tried  the 
action  of  carbon  dioxide  on  Paris  green  suspended  in  water.  One 
gram  of  Paris  green  from  the  same  sample  as  was  used  in  the 
previous  experiments  and  in  its  original  condition,  i.  e.,  not  pul- 
verized, was  suspended  in  500  cc.  of  water  for  one  week,  the 
water  being  kept  saturated  with  pure  carbon  dioxide.  At  the  end 
of  this  time  the  arsenic  trioxide  in  solution  amounted  to  27  per 
cent,  of  the  weight  of  the  Paris  green  taken,  or  48.5  per  cent,  of 
the  total  arsenic  trioxide  present  had  dissolved.  There  was  also 
a  little  copper  in  solution,  but  this  was  not  determined.  The 
color  of  the  residue  changed  from  a  bright  green  to  a  dull  earthy 
color,  some  particles  becoming  nearly  black.  Had  the  sample 
been  pulverized,  the  decomposition  would  probably  have  been 
practically  complete. 

As  the  result  of  our  work,  it  seems  to  us  that  too  much  import- 
ance is  being  attached  to  the  content  of  **  soluble  arsenious 
oxide  '*  in  Paris  green.  In  the  first  place,  since  Paris  green  is  of 
no  very  definite  composition,  and  since  water  so  easily  hydrolyzes 
it  into  its  constituents,  the  analytical  results  for  * '  soluble  arsenic  * ' 
are  uncertain  and  quite  dependent  on  the  conditions  of  the  deter- 
mination. In  the  usual  method  of  analysis  there  is  no  method  of 
distinguishing  between  the  amount  of  '*free  arsenic  trioxide*' 
and  *  *  arsenic  trioxide  rendered  free  by  hydrolysis.  * '  The  extent 
of  the  hydrolysis  is  determined  mainly  by  the  length  of  time  the 
water  is  in  contact  with  the  Paris  green,  and  the  state  of  division 
of  the  particles.  This  latter  factor  exerts  by  far  the  greater 
influence  and  is  wholly  beyond  the  control  of  the  analyst.  While 
the  size  of  the  spherical  granules  is  fairly  constant  in  any  one 
sample,  different  samples  show  the  widest  variation.  Aside  from 
this  variation  in  the  particles  themselves,  nearly  all  samples  con- 
tain a  considerable  proportion  of  broken  granules  of  var3dng 
degrees  of  fineness. 

Hilgard  and  others  give  4  per  cent,  as  the  maximum  amoiuit 
of  soluble  arsenic  trioxide  a  Paris  green  should  contain  if  it  is  to 
be  used  for  spraying  purposes.  The  purest  sample  we  have 
obtained  gave  2.61  per  cent,  after  standing  in  water  for  one  week 
and  4  per  cent,  at  the  end  of  two  weeks.     A  portion  from  the 
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sample  after  being  ground  was  treated  in  the  same  way,  giving 
10.55  per  cent,  in  one  week  and  17.51  per  cent,  at  the  end  of  two 
weeks,  thus  showing  both  the  limitations  of  the  present  method 
of  analysis  and  the  marked  influence  of  the  state  of  division  on 
the  results. 

In  view  of  the  fact  that  carbon  dioxide,  in  the  presence  of 
water,  so  readily  decomposes  Paris  green  converting  at  least  one- 
half  of  the  arsenic  trioxide  into  the  soluble  condition,  it  would 
seem  that  even  if  an  absolutely  pure  sample  were  used  in  spray- 
ing, it  might  easily  happen  that  the  carbon  dioxide  and  water- 
vapor  of  the  air  would  convert  much  more  than  the  limiting  4 
per  cent,  arsenic  trioxide  into  the  free  state.  Probably  many  of 
the  irregularities  observed  in  the  action  of  Paris  green  on  foliage 
could  be  directly  traced  to  weather  conditions  which  happen  to 
be  favorable  to  the  formation  of  free  arsenic  trioxide  from  a  com- 
paratively pure  sample  of  Paris  green. 

Chbmical  I«aboratory  op  the 
UirxvBRSXTY  OP  Idaho. 
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Grunbzugk  dkr  Siderow)Gik.  Von  Hanns  Freiherr  v.  Juptner. 
Brstbr  Teii*  ;  Die  Konstitution  der  Eisenlegierungen  und 
SCHI,ACKEN.     Leipzig :  Verlag  von  Arthur  Felix.     1900.     Price,  13  M. 

The  author  of  this  interesting  and  valuable  work  contends  that 
the  science  of  iron,  while  still  far  from  mature,  as  we  all  know, 
has  now  become  old  enough  to  have  a  name  of  its  own,  and  he 
proposes  to  call  it  **Siderology."  This  name  is  to  be  applied  to 
that  science  which  concerns  itself  not  only  with  the  intimate  mor- 
phological and  chemical  constitution  of  iron  alloys,  but  also  seeks 
to  determine  in  what  ways  these  alloys  or  compounds  are  afifected 
by  outward  influences,  such  as  mechanical  and  heat  treatment, 
and  what  connection  exists  between  them  and  the  physical  and 
mechanical  properties  of  iron  and  steel.  In  the  author's  view, 
metallography  (Osmond)  or  siderography  (Jiiptner)  bears  the 
same  relation  to  the  science  of  siderology  as  petrography  bears  to 
the  science  of  geology. 

The  work  is  to  appear  in  three  parts,  of  which  the  present  vol- 
tune  of  315  pages  is  Part  First.  It  covers  theory  of  solution, 
micrography,  the  chemical  constitution  of  iron  alloys,  and  the 
chemical  constitution  of  slags.     The  second  part  will  treat  of  the 
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relation  between  chemical  constitution,  mechanical  treatment, 
microscopic  structure,  and  other  properties  of  iron  and  steel.  The 
third  part  will  treat  of  the  reactions  between  metal,  slags,  and 
other  agents.  The  first  62  pages  on  **  Theory  of  Solution  *'  con- 
stitute a  valuable  scientific  introduction  to  the  study  of  iron  alloys. 
In  the  chapter  on  micrography  the  methods  of  preparing  and 
examining  iron  and  steel  under  the  microscope  are  given,  with 
illustrations.  Nearly  all  the  more  important  work  on  those  micro- 
scopic constituents  of  iron  and  steel  which  have  been  isolated,  or 
otherwise  identified,  is  here  brought  together  in  compact  and  con- 
venient form.  The  author  falls  into  an  error,  however,  when  he 
states  that  titanium  appears  to  occur  as  such  dissolved  in  iron. 
In  pig-iron  it  is  known  to  occur,  and  has  been  separated  from  it, 
combined  with  carbon  as  TiC  in  microscopic,  cubical  crystals. 

The  work  closes  with  many  valuable  and  probably  fairly  com- 
plete references  to  larger  works  and  scattered  papers  on  theory 
of  solution,  micrography,  chemical  constitution  of  iron  alloys,  and 
constitution  of  slags.  P.  W.  Shimer. 

Lhhrbuch  der  anorganischbn  Chemik.  Von  Prof.  Dr.  H.  Erdman. 
Zweite  Auflage,  mit  287  Abbildungen,  einer  rechen  Tafel  und  sechs  far- 
bigen  Tafeln.  Braunschweig  :  F.  Vieweg  &  Sohn.  8vo.  xxvi  -f  758  pp. 
Price,  16  M. 

A  great  many  topics  have  been  well  handled  and  some  of  them 
quite  fully  treated.  The  tables  of  spectra  of  the  **  Edelgase,*' 
xenon,  krypton,  argon,  neon,  and  helium,  are  beautiful  pieces  of 
work.  The  description  of  the  separation  of  these  gases  and  the 
liquefaction  of  air  and  kindred  topics  occupy  considerable  space  ; 
the  author  enlarges  on  electrolytic  dissociation,  the  ions,  osmotic 
pressure,  and  kindred  topics. 

Less  fortunate  is  the  treatment  of  subjects  belonging  to  chem- 
ical technology,  which  are,  in  a  few  cases,  very  badly  handled. 

No  references  are  given  to  original  memoirs.  The  synonyms 
are  very  fully  given.  In  many  cases  the  Russian  name  is  printed 
and  its  pronunciation  (in  italic  type)  as  well.  The  illustrations 
and  the  mechanical  execution  are  up  to  the  high  standard  so  long 
maintained  by  this  famous  publishing  house.  E.  H. 
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PART.  I.      THE  RATE  OF  OXIDATION. 

THE  following  paper  gives  some  of  the  results  thus  far 
obtained  from  a  study  of  the  rate  of  oxidation  of  stannous 
chloride  solutions  by  means  of  free  oxygen.  Although  the  inves- 
tigation is  only  in  the  beginning  stage  it  seems  that,  on  account 
of  the  rather  unusUal  results  obtained,  and  on  account  of  the  fact 
that  this  particular  work  is,  for  a  few  months,  necessarily  inter- 
rupted, it  may  be  well  to  publish  the  results  already  at  hand. 

The  method  used  consisted  in  thoroughly  shaking  a  solution  of 
stannous  chloride  in  an  atmosphere  of  pure  oxygen  and  measur- 
ing the  decrease  in  volume,  for  definite  periods  of  time,  by  means 
of  a  gas-burette.  Thus  far  all  measurements  have  been  made  at 
atmospheric  pressure.  The  shaking  apparatus  is  described  here 
somewhat  fully  as  it  is  thought  that  it  may  possibly  be  of  service 
to  others.  It  consists  of  a  flask  (Fig.  i )  with  two  outlets,  a  and 
*.  When  the  apparatus  is  in  use,  a  is  used  for  filling  and  6  is 
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connected  with  the  gas-burette.  The  flask  is  carried  in  a  holder 
(Fig.  2).  The  rods  of  the  holder,  a  a'  (Fig.  2)|pass  through 
holes,  a  a'  (Fig.  3),  in  a  brass  plate  which  is  soldered  to  a  brass 
tx>d  which  may  be  held  in  the  clamp  of  an  ordinary  ring  stand. 
The  manner  of  setting  up  the  whole  apparatus  is  indicated  in 
Fig.  4,  in  which  the  whole  device  is  shown  in  the  thermostat. 
The  string,  s,  is  connected  with  the  crank  of  a  motor,  by  whose 
first  half-revolution  the  carrier  and  flask  are  pulled  from  the  posi- 
tion of  rest  (indicated  by  solid  lines)  to  that  indicated  by  the 
dotted  lines.     During  the  second  half-revolution  of  the  motor- 
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crank  the  strain  on  the  string  is  relaxed  and  the  flask  and  carrier 
are  brought  back  into  the  original  position  by  the  (J-shaped  spring, 
/.  Each  revolution  of  the  motor  corresponds  to  one  backward 
and  forward  journey  of  the  flask.  It  was  found  that  the  appara- 
tus responded  readily  to  a  rate  of  400  revolutions  per  minute, 
whereas,  so  far  as  could  be  determined,  the  rate  of  reaction  was 
independent  of  the  velocity  of  shaking  above  250  per  minute, 
when  20  cc.  of  solution  absorbing  at  the  rate  of  not  more  than  2 
cc.  per  minute  were  used.  As  will  be  seen  from  what  follows,  no 
very  thorough  test  of  the  eflSciency  of  the  device  is  as  yet  possi- 
ble because  other  accidental  factors  which  have  not  as  yet  become 
avoidable  have  a  much  greater  influence  upon  the  velocity  of  re- 
action than  does  the  rate  of  shaking. 

In  a  thermostat  of  ordinary  size  the  apparatus  works  better  at 
high  shaking  rate  than  at  slow  because  the  waves  in  the  thermo- 
stat are  automatically  broken.  In  using  the  apparatus  for  low 
shaking  rates  it  was  found  necessary  to  provide  a  collar  to  fit 
around  the  carrier  and  to  float  upon  the  surface  of  the  water  in 
the  thermostat.  •  The  collar  used  was  about  7  inches  in  diameter. 

The  oxygen  used  was  prepared-  electrolytically,  using  nickel 
electrodes  and  potassium  hydroxide  solution  as  electrolyte. 
Potassium  hydroxide  has  the  advantage  over  sulphuric  acid,  that 
by  its  electrolysis  no  ozone  nor  hydrogen  peroxide  is  formed.* 

The  general  method  of  procedure  (with  a  few  exceptions  to  be 
related  later)  was  as  follDws  : 

1 .  The  flask,  after  having  been  thoroughly  cleaned  and  steamed 
out,  was  placed  in  the  thermostat  in  the  carrier.  The  upper  out- 
let of  the  tube  was  provided  with  a  piece  of  thick-walled  rubber 
tubing,  which  could  be  closed  with  a  screw-clamp.  The  side- 
tube  was  connected  with  a  gas-burette  ( Fig.  i )  and  the  whole 
apparatus  thoroughly  evacuated.  Oxygen  from  the  electrolytic 
generator  was  admitted  until  the  apparatus  was  filled.  The 
evacuation  was  then  repeated  and  fresh  oxygen  allowed  to  enter. 
This  whole  operation  was  repeated  a  third  time  to  insure  the  appa- 
ratus being  filled  with  pure  oxygen. 

2.  The  apparatus  being  thus  prepared,  20  cc.  of  the  solution 
to  be  investigated  were  filled  in  through  the  upper  opening  by 

1  Bodenstein  :  Ztschr.  phys.  Chem.y  39,  667. 
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means  of  a  special  device,  and  the  corresponding  volume  of  air 
allowed  to  escape  at  c  (Fig.  i). 

3.  All  openings  were  now  quickly  closed  (except  c  which  was 
left  open  to  the  air)  and  the  motor  started.  The  reading  of  the 
gas-burette  usually  became  slightly  larger  for  the  first  few  sec- 
onds and  then  began  to  steadily  grow  smaller,  owing  to  the 
absorption  of  oxygen  by  the  solution.  The  first  increase  of  vol- 
ume is  undoubtedly  due  to  the  slight  evaporation  of  water  from 
the  solution  until  the  vapor-pressure  is  reached  throughout  the 
flask. 

4.  After  the  volume  has  been  decreasing  for  about  ten  sec- 
onds the  reading  of  the  gas-burette  is  taken  and  at  the  same  time 
a  stop-watch  is  started,  and  further  readings  are  taken  at  conve- 
nient intervals. 

5.  The  residual  stannous  chloride,  after  the  reaction  had  become 
very  slow,  was  titrated  with  standard  bichromate  solution,  with 
starch  and  potassium  iodide  as  indicator.  In  some  cases  where 
the  reaction  went  very  rapidly  it  was  considered  better  to  continue 
the  experiment  until  no  more  oxygen  was  absorbed  ;  i,  e, ,  until 
all  stannous  chloride  had  been  oxidized. 

The  beginning  concentration  of  stannous  chloride  was  deter- 
mined by  the  whole  volume  of  oxygen  absorbed  and  the  volume 
of  bichromate  used,  while  the  amounts  of  stannous  chloride  con- 
verted at  the  end  of  different  periods  were  calculated  from  the 
readings  on  the  gas-burette.  Since  the  rate  of  decrease  in  the 
volume  of  oxygen  was  independent  of  the  velocity  of  shaking 
(/.  ^.,  the  velocity  of  shaking  was  made  so  great  that  it  had  no 
further  influence),  we  can  place  the  concentration  of  the  oxygen 
as  constant  for  any  series  of  experiments  with  solutions  of  the 
same  compositions  (if  the  slight  correction  be  made  for  variation 
of  the  atmospheric  pressure) . 

That  with  solutions  of  different  concentrations  this  is  probably 
not  strictly  allowable,  seems  to  be  shown  by  the  experiments  of 
Setschenow,*  who  found  that  the  solubility  of  carbon  dioxide  in 
salt  solutions  decreased  very  considerably  with  increasing  concen- 
tration of  the  salt.  However,  since  the  investigation  has  not  yet 
reached  a  point  where  exact  determinations  are  possible,  this 
need  not  be  taken  into  further  consideration  at  present. 

>  Zischr.  phys.  Chem.^  4,  X17. 
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The  concentration  of  the  hydrochloric  acid  in  the  solutions  was 
determined  by  taking  standardized  solutions  of  the  acid  in 
making  up  the  solutions  for  investigation.  All  measurements 
were  made  at  25^  C. 

Before  relating  the  results  of  the  above-described  method  of  in- 
vestigation  it  will  be  well  to  take  into  consideration  a  few  prelim- 
inary results  which  were  obtained  by  a  slightly  different  method. 
This  method  consisted  in  placing  an  approximately  weighed  quan- 
tity (0.5  gram)  of  stannous  chloride  crystals  into  the  flask  of  the 
apparatus,  then  filling  with  oxygen,  adding  solvent  (either  water 
or  hydrochloric  acid  of  known  strength),  starting  the  motor 
and  making  measurements  from  the  start,  Other  experiments  in 
comparison  were  made  by  allowing  the  so-prepared  solutions  to 
stand  for  considerable  periods,  in  order  that  any  reaction  between 
solvent  and  stannous  chloride  might  become  complete.  The 
object  of  these  experiments  was  to  see  if  the  slow  hydrolysis  of 
the  salt  which  appears  to  take  place, ^  would  have  any  influence 
upon  the  rate  of  oxidation.  In  this  connection  the  following 
series  of  measurements  are  given  :  A.  Measurements  with  0.25 
normal  stannous  chloride  without  hydrochloric  acid.  Experi- 
ment started  immediately  upon  mixing  of  the  solution.  B. 
Measurements  with  some  of  the  same  solution  which  had  stood 
for  one  hour.  C.  Measurements  with  similar  solution  which  had 
stood  forty-eight  hours.     D.  Parallel  with  C. 

In  Columns  T  are  given  elapsed  time  in  minutes,  and  in 
v  the  absorbed  volumes  of  oxygen,  in  cubic  centimeters. 
Columns  D  give  volume  of  oxygen  for  each  time  interval. 

Experiment  A. 


Cone. 

SnCl,, 

{  normal. 

HCl^o. 

■ 

T. 

V. 

D. 

0 

0.00 

%    m  9 

4 

0.40 

0.40 

8 

0.88 

0.48 

12 

. 

1.38 

0.50 

16 

2.02 

0.64 

20 

2.80 

0.78 

24 

3.62 

I 

0.82 

28 

4.50 

■ 

o.ds 

32 

• 

552 

1 

1.02 

36 

6.50 

0.98 

(Experiment  interrupted.) 

»  This  Journal,  33, 

31. 
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Experiment  B. 
Cone.  SnCl,,  J  normal.    HCl  =  o.    Solution  i  hour  old. 


"5 


T. 

V. 

D. 

T. 

V. 

D. 

O 

0.00 

•  • . 

40 

10.95 

1.25 

4 

0.80 

0.80 

44 

12.12 

I.I7 

8 

1.75 

0.95 

.  48 

13-25 

I.I3 

12 

2.72 

0.97 

52 

14.34 

1.09 

i6 

3.80 

1.08 

56 

15.44 

1. 10 

30 

4.90 

1. 10 

60 

16.35 

0.9  c 

24 

6.05 

I.I5 

64 

17.22 

0.87 

28 

7.25 

1.20 

68 

17.94 

0.72 

32 

8.45 

1.20 

72 

18.62 

0.68 

36 

9.70 

1.25 

• 

Experiment  C. 

Same  solution. 

48  hours  old. 

T. 

V. 

D. 

T. 

V. 

D. 

0 

0.00 

•  •  • 

45 

I3.II 

1.38 

5 

1.43 

1.43 

50 

14.51 

1.40 

10 

2.83 

1.40 

55 

15.68 

I.I7 

15 

4.28 

1-45 

60 

16.70 

1.02 

20 

5.68 

1.40 

65 

17.58 

0.88 

25 

7.18 

1.50 

70 

18.28 

0.70 

30 

8.73 

1.55 

80 

19.23 

0.95 

35 

10.28 

1.55 

90 

19.91 

0.68 

40 

11.73 

1.45 

100 

20.26 

0.35 

Experiment  D. 

Parallel  with  C,  but  with  new 

solution. 

Also  48  hours  old. 

T. 

V. 

D. 

T. 

V. 

D. 

0 

0.00 

•  •  • 

40 

12.14 

1.54 

5 

1.35 

1.35 

45 

13.63 

1.49 

10 

2.80 

1.45 

50 

14.94 

I.3I 

15 

4.28 

1.48 

55 

16.13 

1.19 

20 

5.84 

1.50 

60 

17.14 

1. 01 

25 

7.45 

1.61 

65 

17.94 

0.80 

30 

9.03 

1.58 

75 

19.04 

1. 10 

35 

10.60 

1.54 

85 

19.74 

0.74 

In  the  above  experiments  the  solutions  were  prepared  before 
placing  them  in  the  flask.  In  the  following  ones  (E-H)  the 
solutions  were  prepared  as  described  above,  by  first  placing  the 
crystallized  salt  in  the  flask,  then  filling  the  apparatus  with  oxy- 
gen, adding  solvent  (water  or  dilute  hydrochloric  acid),  and  start- 
ing the  motor.  One-half  gram  stannous  chloride  was  used  which 
made  the  solution  approximately  ^  normal. 
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Experiment  £. 

o.; 

5  gram  SnCl,  + 

20  cc.  pure 

water. 

T. 

V. 

D. 

T. 

V. 

D. 

o 

0.00 

.  ■  ■ 

50 

13.98 

1. 50 

5 

0.70 

0.70 

55 

15.33 

1.35 

lO 

1.61 

0.91    . 

60 

16.65 

1.32 

15 

2.95 

1.34 

65 

17.83 

1. 18 

20 

4.51 

1.56 

70 

18.83 

I.OO 

25 

6.03 

1.52 

75 

19.62 

0.79 

30 

7.66 

1.63 

80 

20.20 

0.58 

35 

9.24 

1.58 

85 

20.70 

0.50 

40 

10.88 

1.64 

90 

21.12 

0.42 

45 

12.48 

•    1.60 

Experiment  F. 

Parallel  with  E. 

T. 

V. 

D. 

T. 

V. 

D. 

0 

0.00 

•  •  • 

50 

14.60 

1.50 

5 

0.82 

0.82 

55 

15.98 

1-38 

10 

1.94 

1. 12 

60 

17.22 

1.24 

15 

3.40 

1.46 

65 

18.32 

1. 10 

20 

4.98 

1.58 

70 

19.22 

0.90 

25 

6.52 

1-54 

75 

19.95 

0.73 

30 

8.12 

1.60 

80 

20.54 

0.59 

33 

9.80 

1.68 

85 

21.00 

0.46 

40 

11.48 

1.68 

90 

21.35 

0.35 

45 

13-10 

1.62 

The  agreement  between  E  and  F  is  fairly  good,  especially  as 
the  two  portions  of  0.5  gram  each  of  stannous  chloride  were  not 
weighed  very  exactly.  Further,  two  or  three  minutes'  time  was 
accidentally  lost  at  the  beginning  of  F,  so  that  all  of  the  early 
readings  are  somewhat  too  large.  However,  the  general  course 
of  the  absorption  corresponds  very  closely  in  both  cases,  and  as 
preliminary  experiments  they  are  satisfactory. 

Experiments  G  and  H,  following,  were  made  in  exactly  the 
same  way  except  that  ^  normal  hydrochloric  acid  was  used  instead 
of  pure  water  in  making  up  the  solutions. 

Experiment  G. 
0.5  gram  SnCl,  -|-  20  cc.  J  normal  HCl.     End  strength  =0.80*  cc. 

T.  V.  D.  t.  v.  d. 

o  0.00  ...  20  7.10  1.55 

5  2.13  2.13  25  8.63  1.53                     j 

10  3.95  1.82  30  10.10  1.47 

15  5.5s  1.60  35  11.45  1.35  ' 

1  All  titrattonB  are  ezpreated  in  terms  of  the  number  of  cubic  centimeters  of  cxo  nor- 
mal  KfCrtOr. 
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T. 

V. 

D. 

T. 

V. 

V. 

40 

12.70 

1.25 

80 

20.55 

0.75 

45 

13.87 

I.I7 

85 

21.27 

0.72 

50 

14.99 

T.I2 

90 

21.95 

0.68 

55 

16.07 

1.08 

95 

22.57 

0.62 

6a 

17.06 

1.02 

100 

23.16 

O.S9 

65 

18.07 

0.98 

105 

23.72 

0.56 

70 

18.95 

0.88 

no 

24.22 

0.50 

75 

19.80 

0.85 

"5 

24.65 

0.43 

Experiment  H. 

0.5 

gram  SnCl,  + 

20  cc.  ^normal  HCl. 

End  strength  — 

2.2  cc. 

T. 

V. 

D. 

T. 

V. 

D. 

0 

0.00 

•  •  • 

55 

15.75 

1.09 

5 

1.87 

1.87 

60 

16.77 

1.02 

10 

352 

1.65 

65 

17.72 

0.95 

15 

4.96 

1.44 

70 

18.62 

0.90 

20 

6.63 

1.67 

75 

19.44 

0.82 

25 

8.18 

1.55 

80 

20.18 

0.74 

30 

9.62 

1.44 

85 

20.90 

0.72 

35 

11.00 

1.38 

90 

21.58 

0.68 

40 

12.28 

1.28 

95 

22.26 

0.68 

45 

13.50 

1.22 

100 

22.87 

0.61 

50 

14.66 

1. 16 

Here,  again,  is  fair  agreement,  although  the  absorption  was 
noticeably  faster  in  G  than  in  H.  The  most  noticeable  feature 
is  that  in  these  experiments,  with  J  normal  hydrochloric  acid, 
the  increase  of  the  rate  of  absorption  for  the  first  thirty  or  forty 
minutes,  so  noticeable  in  the  previous  experiments,  has  disap- 
peared. The  absorption  per  five  minutes  falls  off  from  the  start 
to  the  finish  of  the  reaction. 

The  approximate  agreement  of  the  results  of  parallel  experi- 
ments by  the  above  method  permits  of  the  hope  of  determining 
the  true  reaction  velocity  between  oxygen  and  stannous  chloride 
solutions,  by  some  refinement  of  the  above  method.  From  this 
point  on,  a  modification  of  the  above  method  was  introduced. 
By  this  method  a  considerable  quantity  of  a  solution  i  normal  as 
to  hydrochloric  acid  and  \  normal  as  to  stannous  chloride, 
was  prepared.  This  was  filled  into  carefully  cleaned  tubes  of 
about  80  cc.  capacity,  sealed  up  after  thorough  evacuation,  and 
allowed  to  stand  until  wanted.     In  making  a  series  of  measure- 
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ments  a  tube  was  opened,  a  portion  taken  out,  the  tube  then 
closed  with  a  piece  of  thick-walled  rubber  tubing,  and  evacuated 
again,  and  thus  kept  until  another  portion  was  wanted.  Contrary 
to  expectations,  this  method  gave  extraordinarily  irregular 
results,  the  variation  between  the  rates  of  oxidation  of  two  por- 
tions taken  from  the  same  tube  being  sometimes  as  great  as  several 
hundred  per  cent.  The  results  of  a  number  of  measurements 
made  by  this  method  are  given  below.  There  are  also  given  in 
some  cases  the  velocity  constants  of  the  reaction  calculated  upon 
the  basis  that  the  concentration  of  the  stannous  chloride  is  the 
only  one  that  changes  during  the  reaction  (/.  ^./assuming that 
the  oxygen  concentration  is  constant  and  that  the  products  of  the 
reaction  exert  no  catalytic  action) .  In  many  cases  only  the  read- 
ings for  the  first  few  minutes  are  given  because  it  was  not  con- 
sidered necessary  to  complete  each  experiment  when  varying 
results  were  obtained.  Experiments  !«,  I^,  and  ly  were  made 
with  one  and  the  same  solution.  la  and  Ip  were  about  two  hours 
apart,  while  I/5  and  I^  were  about  twenty-four  hours  apart.  All 
following  experiments  were  made  with  ^  normal  HCl  and  I  nor- 
mal SnClj  solutions. 


BXPERIMBNT  la. 

End  strength  =  0.90  cc.     A  =  0.2008. 


V. 


D. 


x. 


log 


A— X 


»K. 


0 

0.00 

... 

0.00000 

•  ■  •  • 

5 

3.60 

3.60 

0.02925 

0.01370 

10 

6.65 

3.05 

0.05405 

0.01362 

15 

9.30 

2.65 

0.07558 

0.01367 

20 

11.45 

2.15 

0.09296 

0.01350 

25 

13.30 

1.85 

0.10810 

0.01346 

30 

14.95 

1.65 

0.12150 

0.01348 

35 

16.42 

1.47 

0.13350 

0.01359 

40 

17.80 

1.38 

0.14460 

0.01382 

45 

19.00 

1.20 

0.15460 

0.01418 

50 

19.98 

0.98 

0.16240 

0.01439 

55 

20.80 

0.82 

0.16900 

0.01455 

60 

21.65 

0.85 

0.17600 

0.01530 

65 

22.40 

0.75 

0.18200 

0.01582 

70 

23.05 

0.65 

0. 18730 

0.01675 

75 

23.60 

0.55 

0.19180 

0.01798 
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T. 

O 

5 

10 

15 
20 


o 

5 
10 

15 
20 

27 

30 

35 
40 

45 
50 

55 
60 


BZPBRIMENT  I^. 

A  =  o. 

2008. 

V. 

D. 

X, 

0.00 

« •  ■ 

*  •  ■  • 

4.80 

4.80 

0.03900 

9.^5 

4.25 

0.07353 

12.50 

3.55 

0.10160 

15.25 

2.75 

0.12390 

Experiment  ly. 

End  strength  =  i 

.10. 

A      0.1998. 

V. 

D. 

X. 

0.00 

•  •  • 

•  •  • . 

4.70 

4.70 

0.03735 

8.70 

4.00 

• 

•  *  ■  • 

11.98 

3.28 

•  • « • 

14.52 

2.54 

0.1 1530 

17.40 

1.98 

•  • « • 

18.40 

1. 00 

•  •  • . 

19.88 

1.48 

•  •  •  • 

21.15 

1.27 

0.16810 

22.25 

1. 10 

•  •  • 

23.12 

0.87 

•  •  ■  ■ 

23.80 

0.68 

•  •  •  • 

24.40 

0.60 

0.1938 

log 


A— X 


0.01876 
0.01979 
0.02041 
0.02084 


-«K- 


log 


A— X 


-  K. 


0.01802 


0.01870 


0.02000 


0.02540 


It  will  be  noticed  that  in  each  of  these  last  three  series  of 
measurements  the  rate  of  oxidation  is  very  considerably  greater 
than  with  solutions  of  the  same  concentration,  but  which  were 
prepared  in  the  flask  of  the  shaking  apparatus  (Experiments  G 
and  H).  In  fact  the  rate  is  more  than  doubled.  It  would  thus 
seem  that  the  rate  of  oxidation  of  the  solution  increases  with  its 
age  to  a  certain  extent.  The  same  may  be  noticed  by  compari- 
son of  Experiments  A,  B,  C,  and  D. 

Another  very  marked  regularity  among  the  irregularities  was 
noticed.  The  phenomenon  may  be  briefly  described,  as  follows  : 
If  a  tube  of  the  fresh  solution  were  opened  and  allowed  to  stand 
for  about  twenty  minutes  in  the  air,  different  portions  of  the 
solution  gave  results  in  approximate  agreement.  But  if  care  were 
taken  not  to  open  the  tube  until  immediately  before  an  experiment, 
and  then  to  transfer  the  first  portion  immediately  into  the  appa- 
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ratus,  this  first  portion  invariably  gave  results  much  higher  than 
succeeding  portions,  and  the  succeeding  portions  again  gave  results 
agreeing  fairly  well.  The  following  two  experiments  illustrate 
the  falling  off  in  the  rate  of  oxidation  after  the  tube  with  solution 
had  stood  for  a  few  moments  exposed  to  the  air.  Measurements 
a  are  with  first  portions,  taken  as  soon  as  possible  after  opening 
the  tube.  Measurements  /?  are  taken  about  one-half  to  one  and 
one-fourth  hours  later.  The  influence  of  oxidation  by  the  air  on 
standing  thus  long  was  not  significant,  as  the  solutions  gave  prac- 
tically the  same  concentrations  of  stannous  chloride  for  /3-meas- 
urements  as  for  or-measurements. 


Experiment  Ja. 

T. 

V. 

D. 

t. 

v. 

D. 

O 

0.00 

•  ■  * 

20 

13.80 

2.40 

5 

4.50 

4.50 

25 

15.80 

2.00 

10 

8.24 

3-74 

30 

17.75 

r.95 

15 

11.40 

3.16 

35 

19.45 

1.70 

Experiment  J^. 

T. 

V. 

D. 

t. 

v. 

D. 

0 

0.00 

•  •  • 

50 

2T.OO 

1. 10 

5 

332 

3.32 

55 

22.20 

1.20 

10 

6.40 

3.08 

60 

23.22 

1.02 

15 

9.20 

.  2.80 

65 

24.18 

0.96 

20 

11.65 

2.45 

70 

25.00 

0.82 

25 

13-80 

2.15 

75 

25.70 

0.70 

30 

15.80 

2.00 

80 

26.10 

0.40 

35 

17.40 

1.60 

85 

26.30 

0.20 

40 

18.75 

1.35 

90 

26.45 

0.15 

45 

19.90 

1.15 

Experiment  K  (a  and 

^). 

Ka. 

K^. 

T. 

V. 

D. 

T. 

V. 

D. 

0 

0.00 

•  •  • 

0 

0.00 

•    *  • 

5 

6.52 

6.52 

5 

2.56 

2.56 

10 

11.70 

5.18 

10 

4.80 

2.24 

15 

15-50 

3-80 

15 

6.90 

2.10 

20 

18.40 

2.90 

20 

8.80 

1.90 

25 

20.52 

2.12 

25 

10.50 

1.70 

30 

22.20 

1.78 

30 

12.00 

1.50 

35 

2350 

1.30 

35 

13.50 

1.50 

It  was  thought  possible  that  the  reaction  in  question  might  be 
sensitive  to  the  influence  of  light  and  a  very  considerable  number 
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of  experiments  were  carried  out  to  determine  whether  or  not  this 
was  the  case.  The  results  of  the  investigation  showed  cleariy 
that  if  light  had  any  influence  upon  the  rate  of  reaction,  it  was 
so  small  as  to  be  insignificant  in  comparison  to  other  disturbing 
factors.  It  will  scarcely  be  necessary  to  relate  these  experiments 
in  detail  here,  as  the  results  are  purely  negative. 

On  account  of  the  fact  that  a  solution  that  had  been  preserved 
in  vacuo  for  some  time  experienced  a  considerable  fall  in  oxidation 
rate  on  exposure  to  the  air  for  a  few  moments,  it  was  thought 
possible  that  the  re-evacuation  of  the  tube  might  remove  at  least 
partially  the  agent  which  brought  about  the  depression  in  the 
oxidation  rate.  Several  experiments  were  carried  out  to  deter- 
mine this.  The  re-evacuation  had  no  apparent  influence,  as  the 
following  measurements  show.  Only  the  volumes  absorbed  in  the 
first  five  minutes  are  given.  Under  **  or"  are  the  values  for  the 
first  portions,  taken  immediately  upon  opening  the  tube  ;  under 
"  /^'*  the  values  taken  after  the  solution  had  stood  for  some  little 
time  exposed  to  the  air  (usually  with  one  or  two  shakings)  ;  under 
*'y"  are  the  results  after  the  solutions  had  been  re-evacuated, 
and  had  remained  sealed  up  from  four  to  eighteen  hours. 

No.  a.  ^.  y. 

I 6.00  3.70  3.43 

2 750  4-20  3.25 

3 6.85  4.20  4.10 

4 900  5.00  5.30 

In  No.  4  a  small  increase  in  y  over  P  is  observed.  Otherwise 
the  ;^-values  are  regularly  smaller  than  the  )ff-ones.  This  is  prob- 
ably due  to  the  effect  that  after  >5-portions  were  taken  out  it  was 
necessary  to  allow  the  tube  to  stand  open  for  a  few  moments 
longer  before  re-evacuation. 

As  a  result  of  the  above  measurements,  we  may  draw  the  con- 
clusion that  the  reaction  between  stannous  chloride  solutions  and 
oxygen  is  extremely  sensitive  to  minute  quantities  of  substances 
with  which  the  reagents  may  come  [in  contact  in  the  ordinary, 
careful  methods  of  laboratory  manipulation. 

The  investigation  was  at  this  point  turned  toward  the  deter- 
mination of  these  disturbing  actions,  and  considerable  headway 
has  [already  been  made  in  this  direction.  Before  relating  the 
results  of  this  part  of  the  investigation,  however,  it  may  be  well 
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to  consider  the  results  of  the  measurements  already  given  from  a 
somewhat  critical  standpoint.    In  the  following  table  a  summary 


is  given  of  the  values  of 


for  several  series   of  meas- 


urements. The  values  are  determined  from  the  data  of  solu- 
tions of  practically  equal  concentrations;  v£ar.,  0.2  normal. 
Constants  calculated  for  five  minute  differences. 

Experiments  not  given  in  the 
foregoing. 


Expt.  E. 
I. 

0.00244 

Expt.  H. 
2. 

0.00666 

Expt.  la. 

3. 
0.01370 

Expt.  ly. 
0.01802 

Expt  Ka. 

5. 
0.02432 

6, 
0.0II20 

7. 
O.OII5O 

8. 
0.0230 

0.00284 

0.00633 

0.01362 

•  •  •  • 

0.02506 

O.OII58 

O.OII75 

•  •  ■  • 

0.00356 

0.00625 

0.01367 

.... 

0.02516 

0.01200 

0.01 21 7 

«  •  •  ■ 

0.00424 

0.00652 

0.01350 

0.01870 

0.02539 

0.01239 

0.012 19 

0.0222 

0.00466 

0.00670 

0.01346 

. .  •  • 

0.02550 

0.01217 

0.01244 

•  a  .  • 

0.00516 

0.00683 

0.01348 

.  •  •  • 

0.02757 

0.01233 

0.01270 

0.0252 

0.00555 

0.00698 

0.01359 

• .  •  • 

0.02591 

0.01242 

0.01287 

•   •   •  • 

0.00603 

0.0071 1 

0.01382 

0.02000 

0.02588 

0.01266 

0.01335 

o.ctf68 

0.00645 

0.00724 

O.OI418 

•  a  •  • 

0.02940 

0.01282 

0.01385 

a  a  •  a 

0.00688 

0.00739 

0.01439 

.  •  •  • 

0.03252 

0.01317 

O.OI38I 

0.0310 

1 

0.00724 

0.00756 

0.01455 

•  •  •  « 

0.03040 

0.01356 

O.OI45I 

0.0306 

0.00764 

0.00771 

0.01530 

0.02540 

0.03040 

0.01403 

0.01536 

0.0310 

0.00802 

0.00788 

0.01582 

0  01464 

0.00830 

0.00808 

0.0167s 

0.00846 

0.00827 

0.01798 

0.00850 

0.00845 

0.00850 

0.00868 

0.00846 

0.00897 

0-00935 
0.00975 

• 

Column  I  is  for  an  experiment  made  without  hydrochloric  acid 
and  by  mixing  the  solution  in  the  apparatus  and  starting  the 
experiment  immediately.  On  the  assumption  that  the  reaction  is 
simply  proportional  to  the  analytically  determined  concentration 
of  stannous  chloride  these  numbers  should  be  constant.  They 
increase,  however,  to  a  value  at  the  end  of  the  experiment  which 
is  nearly  four  times  its  original  value.     The  values  in  Column  2 
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are  for  an  exactly  similar  experiment,  made,  however,  with  0.5 
normal  hydrochloric  acid  instead  of  pure  water.  The  values  here 
show  the  same  sort  of  an  increase  except  that  it  is  much  less 
marked.  The  remaining  values  are  all  for  experiments  made 
with  solutions  containing  0.5  normal  hydrochloric  acid  and  kept 
sealed  up  in  vacuum  tubes  for  from  twenty-four  hours  to  one 
week  before  using.  It  will  be  noticed  that  all  columns  show 
marked  increase  from  the  beginning  to  the  end  values,  and,  with 
the  exception  of  a  few  scattered  values  (presumably  experimental 
errors),  this  increase  is  fairly  regular.  A  further  regularity  will 
be  noticed  also  in  that  the  ratio  between  the  first  and  last  values 
of  a  column  is  approximately  the  same  for  all  columns  (excepting 
Column  4,  which  may  be  due  to  an  experimental  error  ;  in  my 
note-book  I  find  that  the  determination  of  the  end  reaction  in  this 
case  was  doubtful).  In  other  words,  although  the  actual  values 
of  the  velocity  constants  vary  greatly  in  different  series,  the 
increase  in  a  given  series  is  approximately  proportional  to 
the  change  in  concentration  for  solutions  of  the  same  con- 
centration in  hydrochloric  acid.  In  solutions  made  without 
hydrochloric  acid  the  ratio  of  increase  is  very  much  larger, 
and  may  be  so  large  that  it  causes  an  actual  increase  in  the 
volume  of  oxygen  absorbed  with  decreasing  (analytical)  con- 
centration of  stannous  chloride  (Experiments  A,  B,  C,  D,  E,  and 
P).  The  simplest  explanation  of  this  would  be  that  some  prod- 
uct of  the  reaction  acts  as  an  accelerator  of  the  reaction.  The 
products  we  should  naturally  look  for  are  hydrochloric  acid,  stan- 
nic hydroxide,  and  stannic  chloride,  one  or  more  of  which  might 
be  formed.     The  reaction  may  take  place  as  follows  : 

SnCl,  +  3H,0  +  O  =  Sn(OH),  +  2HCI.  (i) 

It  is  well  known  that  in  moderately  dilute  solutions  stannic 
chloride  is  almost  completely  hydrolyzed,  and  this  might  lead  one 
to  expect  that  the  hydrolyzed  system  would  l)e  formed  under  the 
conditions  of  these  experiments.  However,  according  to  the  Ost- 
wald  rule*  it  happens  very  generally  that,  as  the  product  of  a 
reaction,  not  the  most  stable,  but  rather  some  intermediately  sta- 
ble product,  is  formed.  If  the  rule  held  in  this  case,  we  should  get 
stannic  chloride  formed  as  first  product  according  to  the  equation  : 

SnCl,  +  2HCI  +  O  =  SnCl,  +  H,0.  (2) 

*  Ztschr.  pkys.  Chem.,  m,  306. 
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and  the  stannic  chloride  would  then  slowly  hydrolyze  : 

SnCl,  +  2H,0  =  Sn(OH),  +  4HCI.  (3) 

The  only  experimental  evidence  bearing  upon  this  point  that  I 
have  found  is  the  following  : 

Thomsen*  found  that  when  stannous  chloride  solutions  were 
oxidized  with  free  chlorine,  they  showed  a  strong  yellow  color. 
This  yellow  color  is  also  shown  when  an  old  solution  of  stannic 
chloride  is  mixed  with  stannous  chloride.  The  solution  must  be 
some  days  old  to  give  a  distinct  color.  This  color  reaction  is 
taken  by  Thomsen*  as  a  test  for  the  '  *  metastannic* '  condition. 
At  any  rate,  the  color  is  evidence  of  a  condition  in  the  stannic 
solution  which  appears  only  after  long  standing  of  its  solution. 
In  the  foregoing  work  it  was  noticed  that  after  an  experiment  the 
oxidized  solution  was  invariably  yellow  and  the  yellow  color  was 
deeper  in  solutions  which  contained  less  free  hydrochloric  acid. 
This  would  indicate  that  the  stannic  chloride  stage  in  this  reac- 
tion was  passed  by  and  the  reaction  took  place  according  to  equa- 
tion ( I ) .  The  point  cannot,  however,  be  looked  upon  as  definitely 
settled  as  yet.  The  matter  is  open  to  direct  determination  by 
electrolytic  methods,  and  this  will  be  done  in  the  near  future. 

The  course  of  the  reaction  has  an  important  bearing  on  the 
theoretical  considerations  concerning  the  reaction  velocity.  If 
the  reaction  takes  place  according  to  equation  ( i )  we  can  place 
the  increase  in  concentration  of  hydrochloric  acid  directly  propor- 
tional to  the  decrease  in  concentration  of  stannous  chloride.  If 
the  reaction  takes  place  according  to  equations  (2)  and  (3)  we 
should  have  to  set  the  increase  in  hydrochloric  acid  as  a  function 
of  the  velocity  of  oxidation  of  stannous  chloride  and  of  the 
velocity  of  hydrolysis  of  the  stannic  chloride  formed.  That  hydro- 
chloric acid  acts  as  an  accelerator  in  some  way  cannot  be  doubted 
since  the  solutions  made  with  ^  normal  hydrochloric  acid  give 
constants  from  three  to  ten  times  as  large  as  those  made  with 
water.  If  the  reaction  takes  place  according  to  equation  (i),  the 
fact  that  hydrochloric  acid  acts  as  an  accelerator  allows  of  a  ready 
explanation  of  all  the  peculiarities  noticed  in  the  difiFerent  series 

log — ^_ 
of  values  of = except  the  lack  of  agreement  among  the 

1  "  Thermochemische  Untersuchung^en,*'  Vol.  II,  p.  445. 
8  Thomsen  :  Loc.  cit. 
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difiFerent  series,  which  matter  will  be  discussed  later.  Assuming 
that  the  reaction  takes  place  according  to  equation  (i),  an 
increase  in  the  concentration  of  the  hydrochloric  acid  must  occur. 
The  first  efiFect  of  this  hydrochloric  acid  will  be  to  drive  back 
hydrolysis,  if  notable  hydrolysis  exist  in  the  solution.  If  we  con- 
sider that  the  hydrolyzed  portion  of  the  stannous  chloride  has  a 
lower  oxidation  rate  than  unhydrolyzed  stannous  chloride  (or 
that  it  is  not  directly  oxidizable  at  all),*  it  would  necessarily  fol- 
low that  the  activity  of  a  stannous  chloride  solution  made  with 
water  would  increase  as  the  oxidation  proceeded,  since  more  and 
more  of  the  hydrolyzed  product  would  be  converted  into  unhy- 
drolyzed. This  would  take  place  at  all  concentrations  of  hydro- 
chloric acid  at  which  noticeable  hydrolysis  occurred.  The  fact 
that  the  velocity  constants  for  solutions  in  0.5  normal  hydrochlo- 
ric add  still  show  a  marked  increase,  might  be  taken  as  evidence 
that  hydrolysis  is  still  noticeable  at  that  concentration,  or  it  may 
be  that  the  hydrochloric  acid  has  other  accelerating  influences 
aside  from  the  mere  pushing  back  of  the  hydrolysis.  It  is  also 
possible  that  the  molecular  complexes  of  stannous  chloride  and 
hydrochloric  acid  have  a  greater  rate  of  oxidation  than  the  sim- 
ple substances. 

If  the  reaction  takes  place  according  to  equations  (2)  and  (3), 
the  explanation  of  the  facts  is  not  so  simple.  The  first  effect  of 
the  oxidation  will  then  be  to  form  stannic  chloride  at  the  expense 
of  stannous  chloride  and  hydrochloric  acid  ;  and  secondly,  this 
stannic  chloride  wnll  begin  to  slowly  hydrolyze.*  Thus,  during 
the  first  part  of  the  reaction  we  shall  have  two  increasing  concen- 
trations ;  viz. ,  stannic  chloride  and  stannic  hydroxide,  while  the 
concentration  of  hydrochloric  acid  will  decrease,  if  the  hydroly- 
sis of  stannic  chloride  is  very  slow  compared  to  its  rate  of  forma- 
tion. Somewhere  during  the  reaction  stannic  chloride  will,  on 
account  of  its  being  more  and  more  slowly  produced,  cease  to 
increase  in  concentration,  and  will,  on  account  of  continuous 
hydrolysis,  begin  to  decrease.  If  the  rate  of  oxidation  of 
stannous  chloride  is  much  faster  than  the  rate  of  hydrolysis  of 

1  An  experiment  with  colloidally  suspended  stannous  hydroxide  nearly  free  from 
hydrochloric  acid  showed  an  extraordinarily  slow  rate  of  oxidation,  which  became  very 
fast  upon  addition  of  a  few  drops  of  potassium  hydroxide  solution.  This  cannot  be  taken 
as  a  wholly  satisfactory  determination  of  the  above  point,  since  it  does  not  necessarily  fol* 
low  that  all  hydrolyzed  stannous  salt  is  held  in  the  solution  in  colloidal  form. 

*  Kohlrauach  :  Ztschr.  pkys.  Chetn.,  33,  357. 
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Stannic  chloride,  the  latter  reaction  must  go  on  after  the  former 
is  practically  complete.  This  hydrolysis  is  measurable  by  elec- 
trolytic methods*  and  thus  we  have  a  possible  means  of  determining 
whether  or  not  the  reaction  takes  place  in  this  second  way  or  not. 
These  measurements  will  be  made  in  the  near  future.  Of  course 
it  is  by  no  means  excluded  that  stannic  chloride  and  stannic 
hydroxide  may  act  as  accelerators. 

Another  wholly  different  explanation  of  the  whole  matter  is 
possible.  It  may  be  that  it  is  an  error  to  assume  that  the  reac- 
tion rate  is  directly  proportional  to  the  concentration  of  the  stan- 
nous chloride.  It  might  be  proportional  to  some  other  power  of 
the  concentration  than  the  first  (/.  e.,  to  Cor  to  C*,  etc.).  Such 
cases  are  not  unknown,  apparently.  In  this  case  the  values  of  the 
exponent  v  may  be  calculated  from  the  changes  in  concentration 
during  the  reaction,  by  the  well-known  equation  of  van  't  Hoff  :* 


"^  {^.  ■■  Pt) 


dT.. 

log  (^1  :  c^) 

If  the  reaction  took  place  in  a  perfectly  uniform  manner,  /.  ^., 
in  such  a  manner  that  no  accelerating  or  retarding  influences  were 
developed  during  the  reaction,  these  values  of  n  should  be  con- 
stant. I  have  calculated  n  for  some  few  cases,  and  the  results 
obtained  are  as  follows  : 

A.  B. 

0.464  0.435 

0.433  0.412 

0.401  0.355 

0.372  0.320 

0.337  0.270 
0.293 
0.242 

The  values  are  by  no  means  constant,  but  show  a  marked  and 
invariable  (several  sets  were  calculated)  tendency  to  decrease. 
Thus  it  seems  necessary  to  conclude  that  during  the  course  of  the 
reaction  accelerating  influences  are  developed.  These  influences 
can  not  be  named  catalytic  nor  autocatalytic,  because  they  may  be 

1  Kohlrausch :  Loc.  cit. 

>  See  van 't  Hoff :  "Vorlesungen,"  Vol.  I,  p.  194 ;  also  Ostwald :  "I«ehrbach,"  II,  a,  p.  332. 
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apparently  of  such  a  nature  as  to  change  the  whole  equilibrium 
existing  in  the  solution. 

It  is  perfectly  evident  from  the  foregoing  that  before  any  thor- 
oughly satisfactory  explanation  of  the  phenomena  above  described 
can  be  obtained,  it  will  first  be  necessary  to  be  able  to  control 
the  reaction  so  that  constant  results  may  be  obtained  under  a 
^ven  set  of  conditions.  It  has  already  been  suggested  that  the 
reaction  seemed  to  be  extraordinarily  sensitive  to  the  influence  of 
small  quantities  of  substances  which  it  was  apparently  able  to 
take  up  from  the  air  on  a  few  minutes*  exposure.  In  Part  II 
is  given  the  results  of  an  (almost  purely  qualitative)  investi- 
gation into  the  cause  of  the  great  variations  which  were  found 
to  occur  in  different  series  of  measurements  under  apparently 
like  conditions.  As  will  be  seen,  the  phenomena  of  variation  are 
readily  explained,  although  at  present  the  method  of  wholly 
avoiding  such  disturbances  or  even  of  studying  them  with  any 
considerable  degree  of  quantitative  accuracy,  has  not  been  found. 

PART  II,    CATALYTIC    PHENOMENA  IN  THE  OXIDATION  OF   STAN- 
NOUS CHLORIDE  BY  OXYGEN. 

As  has  been  stated  in  the  previous  portion  of  this  paper, 
the  influence  of  light  and  of  re-evacuation  of  tubes  upon 
the  rate  of  oxidation  of  stannous  chloride  solutions  seems  to  be 
nothing.  It  was  now  further  attempted  to  determine  the  influ- 
ence of  other  substances  which  could  possibly  come  in  contact 
-with  the  solution.  The  first  substance  investigated  was  rubber. 
Since  portions  of  the  apparatus  were  made  of  rubber  tubing,  it 
was  thought  that  the  fact  that  the  solution  came  (or  might  come) 
in  contact  with  the  rubber,  could  possibly  exert  some  influence. 
The  method  of  procedure  was  as  follows  :  The  rubber  tubing  was 
Tubbed  to  a  fine  powder  by  means  of  a  clean  file.  From  0.25  to 
0.5  gram  of  this  powder  was  placed  in  the  tube  containing  the 
solution  to  be  investigated,  and  the  tube  sealed  off  and  rotated  in 
the  thermostat  for  about  eighteen  hours.  The  solution  was  tested 
as  to  its  oxidation  rate  before  and  after  the  addition  of  the  rub- 
ber. The  results  of  two  such  experiments  are  given  in  the  fol- 
lowing table.  Under  a  are  the  values  for  T,  V,  and  D  before 
addition  of  rubber,  and  under  §  the  same  values  after  the  addi- 
tion: 
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Table  I. 

Experiment  i. 

a. 

p. 

T. 

V. 

D. 

T. 

V. 

D. 

O 

0.00 

•  •  • 

0 

0.00 

•  •   • 

5 

4.35 

4.35 

5 

11.20 

11.20 

lO 

8.32. 

3.97 

10 

22. 20 

11.00 

15 

11.90 

3.58 

13 

26.20 

4.00 

Experiment  2. 

a. 

^. 

T. 

V. 

D. 

T. 

V. 

D. 

0 

0.00 

•  •  • 

0 

0.00 

■  •  •  ■ 

5 

4.70 

4.70 

5 

18.20 

18.20 

10 

9.05 

4.35 

10 

25.60 

7.40 

15 

12.85 

3.80 

As  will  readily  be  seen,  the  influence  of  the  rubber  is  that  of  a 
wonderfully  active  accelerator,  the  acceleration  in  the  first  case 
being  over  150  per  cent,  and  in  the  second  nearly  300  per  cent. 
Thinking  that  possibly  the  sulphur  in  the  rubber  might  be  the 
active  agent  in  bringing  about  this  acceleration,  experiments  were 
carried  out  in  the  same  way  as  those  with  rubber,  using  sul- 
phur instead  of  the  rubber.  The  sulphur  used  was  the  ordinary 
crystallized  sulphur  ground  up  to  a  fine  powder.  The  tube  with 
solution  and  sulphur  was  rotated  in  the  thermostat  as  in  the  case 
of  rubber,  for  about  eighteen  hours. 

In  Table  II  are  given  the  results  of  one  of  these  experiments, 
the  results  in  all  being  of  the  same  nature.  Under  a  results 
before  and  under  fi  results  after  addition  of  sulphur  : 


Table  II. 

a. 

/5. 

T. 

V. 

D.                       T. 

V. 

D. 

0 

0.00 

...                 0 

0.00 

•  m   9 

5 

3.30 

3.30                 5 

9-95 

9.95 

10 

7.40 

3.10                10 

18.10 

8.15 

15 

9.20 

2.80                15 

24.90 

6.80 

Here  there  is  noticed  a  similar  acceleration  to  that  brought 
about  by  rubber,  and  the  value  of  it  is  about  200  per  cent.  The 
influence  of  sulphur  and  rubber  is  evidently  one  which  gradually 
develops  in  the  solution,  since  experiments  which  were  started  with 
simple  solution  were  not  noticeably  influenced  by  dropping  in  bits 
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of  rubber  or  of  sulphur  during  the  experiment.  The  effect 
appears  first  after  the  solution  and  the  accelerator  have  stood 
together  for  some  time.  Thus  it  is  evident  that  the  phenomenon 
is  due  either  to  slow  solution  of  the  accelerator  or  to  a  slow  chem- 
ical reaction  between  the  substance  and  the  solution. 

Solutions  of  iron,  copper,  manganese,  and  chromium  salts  were 
next  qualitatively  investigated.  The  method  was  to  take  a  por- 
tion of  a  solution,  measure  its  initial  velocity,  then  add  a  few 
drops  of  the  dilute  solution  of  the  salt  in  question,  and  continue 
the  experiment.  By  noting  the  rate  of  absorption  before  and 
after  the  addition  of  the  salt  solution  it  was  possible  to  determine 
whether  the  addition  had  any  considerable  influence.  There  was 
no  attempt  made  to'  determine  the  quantity  of  salt  added.  Three 
or  four  drops  of  the  ordinary  laboratory  solutions  were  used. 
Following,  in  Table  III,  are  the  results.  The  values  in  paren- 
theses indicate  the  points  at  which  the  addition  of  the  salt  solu- 
tion was  made  : 

Table  III. 


FcSO*. 

CUSO4. 

T. 

V. 

D. 

T. 

v. 

D. 

0 

0.00 

• .  • 

0 

0.00 

•  •    ■ 

5 

2.80 

2.80 

I 

0.90 

0.90 

(5) 

(2.80) 

•   •    • 

2 

1.85 

0.95 

10 

10.90 

8.10 

3 

2.80 

0.95 

(3) 

(2.80) 

• .  * 

4 

5.30 

2.50 

5 

7-30 

2.00 

6 

9.20 

1.90 

7 

10.90 

1.70 

8 

12.40 

1.50 

MnS04. 

Cr,(S04)«. 

T. 

V. 

D. 

T. 

V. 

D. 

0 

0.00 

•    •   • 

0 

0.00 

•   •    • 

I 

1. 00 

I.OO 

I 

0.72 

0.72 

2 

2.00 

1. 00 

2 

1.40 

0.68 

3 

2.90 

0.90 

3 

2.20 

0.80 

(3) 

(2.90) 

•    •   • 

4 

3.10 

0.90 

4 

3.65 

0.75 

5 

4.05 

0.95 

5 

4.35 

0.70 

(5) 

(4.55) 

*    •  • 

6 

5.05 

0.70 

6 

5.33 

0.78 

7 

5.75 

0.70 

7 

6.20 

0.87 

8 

7.05 

0.85 

9 

7.95 

0.90 

I40  S.    W.    YOUNG. 

Thus  iron  and  copper  both  cause  very  notable  accelerations, 
manganese  a  slight  retardation,  while  the  results  for  chromium 
are  somewhat  irregular  and  leave  us  in  doubt.  The  influence  of 
chromium  would  appear  at  best  to  be  very  slight. 

Up  to  this  point  it  will  be  observed  that  all  catalysors*  studied 
are  positive  (/.  e.,  accelerating),  or  very  weakly  negative,  in  their 
acti(^n,  while  in  the  experiments  related  in  Part  I  it  is  evident 
that  one  or  more  negative  catalysors  were  at  work  (see  Experi- 
ments J  and  K. 

It  was  thought  likely,  as  the  rate  of  oxidation  of  the  solu- 
tion kept  in  evacuated  tubes  became  considerably  reduced  upon 
the  opening  of  the  tube,  that  some  constituent  of  the  air  might 
cause  the  variations.  It  was  my  custom  to  smoke  freely  in  the 
room  in  which  the  work  was  being  done,  and  it  occurred  to  me 
that  this  might  possibly  be  the  cause  of  the  trouble.  In  the  fol- 
lowing table  (IV)  are  contained  the  results  of  an  experiment  to 
determine  this  point.  Under  a  are  the  values  for  a  clean,  fresh 
solution,  taken  directly  from  the  tube,  and  under  /?  correspond- 
ing values  for  the  same  solution  through  which  tobacco  smoke 
had  been  blown. 


Table 

IV. 

a. 

* 

T. 

v. 

D. 

T. 

V. 

D. 

O 

o.oo 

• .  • 

0 

0.00 

•    •  • 

I 

I.OO 

r.oo 

I 

0.30 

0.30 

2 

1.90 

0.90 

2 

0.60 

0.30 

3 

2.85 

0.95 

3 

0.95 

0.35 

4 

3.80 

0.95 

4 

1.28 

0.33 

5 

1.60 

0.32 

10 

3.^3 

1.53 

15 

4.55 

1.42 

In  Table  V  are  the  results  of  a  series  of  readings  taken  upon  a 
solution  by  the  same  method  as  was  used  in  investigating  the 
metallic  salts  (above  Table  III),  except  that  instead  of  solution 
of  metallic  salts  a  few  drops  of  an  extract  of  tobacco  were  added. 

1 1  use  the  word  'catalysor'  as  equivalent  to  the  German  word  'Katalysator.*    It  is 
much  less  cumbersome  than  the  usual  terms  "catalytic  agent'*  and  "contact  agent." 


SOLUTIONS  OF  STANNOUS  SALTS. 


141 


Tablb  v. 

V. 

D. 

0.00 

•  •  • 

1.45 

1.45 

2.90 

1-45 

4.38 

1.48             « 

(4.38) 

•  ••   (extract  added) 

4.80 

0  42 

5.20 

0.40 

5.60 

0.40 

6.03 

0.43 

T. 
O 
I 

2 

(!) 

4 

5 
6 

7 

These  results  leave  not  a  shadow  of  doubt  but  that  both 
tobacco  smoke  and  tobacco  extract  retard  the  oxidation  rate  of 
stannous  chloride  to  a  high  degree.  The  next  experiments  were 
carried  out  with  a  number  of  common  alkaloids  and  with  a  variety 
of  other  substances,  including  aniline  and  alcohol.  The  results 
are  g^ven  in  Table  VI. 

Table  VI. 


'  'looo  Normal  bnidne. 


i/soo  Normal  bnidne. 


T. 

V. 

D. 

T. 

V. 

D. 

0 

0.00 

•  •   • 

0 

0.00 

... 

I 

1.25 

1.25 

I 

2.38 

2.38 

2 

2.50 

1.25 

(I) 

(2.38) 

.  •  ■ 

3 

3.75 

1.25 

2 

3.00 

0.62 

(3) 

(3.75) 

... 

3 

3.56 

0.56 

4 

4.75 

I.OO 

4 

4.06 

0.50 

5 

5.75 

I.OO 

5 

4.55 

0.50 

6 

6.75 

I.OO 

6 

504 

0.48 

1 

''ifio  Normal  morphine. 

Vsoo  Normal  morphine. 

T. 

V. 

^ 

D. 

T. 

V. 

D. 

0 

0.00 

... 

0 

O.CX) 

•    •   • 

I 

3-55 

3.55 

I 

1.40 

1.40 

(I) 

(3-55) 

... 

(I) 

(1.40) 

•  •   • 

2 

4.35 

0.80 

2 

2.10 

0.70 

3 

5.10 

0.75 

3 

2.85 

0.75 

4 

5.83 

0.73 

4 

3-55 

0.70 

5 

6.55 

0.72 

5 

4.20 

0.65 

6 

7.15 
Vaso  Normal  nicotine. 

0.60 

Vss  Normal  nicotine. 

T. 

V. 

D. 

T. 

V. 

D. 

0 

0.00 

.  ■ . 

0 

0.00 

•    •  • 

I 

1.82 

1.82 

I 

1.50 

1.50 

2 

365 

183 

2 

2.80 

1.30 

(2) 

(3.65) 

•  • . 

(2) 

(2.80) 

•    •   • 

3 

5. '5 

r.50 

3 

3-6o 

0.80 

4 

6.45 

1.30 

4 

4.40 

0.80 

5 

5.20 

0.80 
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Vsso  Normal  phenol. 


i/ts  Normal  phenol. 


T. 

V. 

D. 

O 

o.oo 

•    •   • 

I 

1.25 

I.2S 

2 

•2.40 

I.I5 

(2) 

(2.40) 

•    •   • 

3 

3.75 

1-35 

4 

505 

^/soo  Normal  aniline. 

1.30 

T. 

V. 

D. 

O 

0.00 

•    ■   • 

I 

1.55 

1.55 

2 

3.10 

1.55 

(2) 

(3.10) 

•    •  • 

3 

4.05 

0.95 

4 

5.00 
Vioo  Normal  aniline. 

0.95 

T. 

V. 

D. 

o 

0.00 

•    •   • 

I 

1.30 

1.30 

2 

2.55 

1.25 

3 

3.90 

1.30 

(3) 

(3.90) 

•  •  • 

4 

4.70 

0.80 

5 

5.50 

0.80 

Vmo  Normal  pyridine. 

T. 

V. 

D. 

O 

0.00 

•    •  • 

z 

1.40 

1.40 

2 

2.80 

1.40 

(2) 

(2.80) 

•  •  • 

3 

4.40 

1.60 

4 

5-90 

i/ioo  Normal  KCN. 

1.50 

T. 

V. 

D. 

O 

0.00 

•    •   • 

I 

1.07 

1.07 

2 

2.15 

1.08 

3 

3.23 

1.08 

(3) 

(3.23) 

• 
•    •   • 

4 

4.03 

0.80 

5 

4.83 

0.80 

6 

565 

0.82 

'  r. 

V. 

D. 

0 

o.cx> 

•    • 

I 

1-35 

1.35 

2 

2.65 

1.30 

(2) 

(2.65) 

•  •   • 

3 

3.90 

1.25 

4 

5.05 

I.I5 

5 

6.15 
1/40  Normal  aniline. 

1. 10 

T. 

V. 

D. 

0 

0.00 

•  •  ■ 

I 

0.95 

0.95 

2 

1.90 

0.95 

(2) 

(1.90) 

•    •   ■ 

3 

2.25 

0-35 

4 

2.60 

0.35 

5 

2.90 
V40  Normal  aniline. 

jl. 

0.30 

T. 

V. 

D. 

0 

000 

■    •  • 

I 

0.80 

0.80 

2 

1.60 

0.80 

(2) 

(1.60) 

■    •  • 

3 

1.90 

0.30 

4 

2.20 

0.30 

5 

2.50 

V40  Normal  pyridine. 

0.30 

T. 

V. 

D. 

0 

0.00 

•  •  • 

I 

1.60 

1.60 

2 

3- 10 

1.50 

(2) 

(3.10) 

•    •   ■ 

3 

4.30 

1.20 

4 

5-30 

1. 00 

5 

6.35 
Vso  Normal  KCN. 

1.05 

T. 

V, 

D. 

0 

0.00 

•    •  • 

I 

0.80 

0.80 

2 

1.60 

0,80 

3 

2.42 

0.82 

(3) 

(2.42) 

•    •  « 

4 

2.74 

0.32 

5 

3-15 

0.41 

6 

3.52 

0-37 

SOLUTIONS  OF  STANNOUS  SALTS.  1 43 


7/100  Normal  ethyl  alcohol. 

T/io  Normal  ethyl 

alcohol. 

T.                     V. 

D. 

T. 

V. 

D. 

0                   0.00 

■  •  • 

0 

0.00 

•   •  • 

I                    2.30 

2.30 

I 

0.45 

0.45 

ri)        (2.30; 

•    •  • 

2 

0.90 

045 

2          5.80 

3.50 

3 

1-35 

0.45 

3          8.70 

2.90 

4 

1.80 

0.45 

4         11.45 

2.75 

(4) 

(1.80) 

•   •  • 

5         13.80 

2.35 

5 

2.80 

1. 00 

6               1550 

1.70 

6 

3-55 

0.75 

7 

4.25 

0.70 

8 

5.00 

0.75 

A  single  test  was  also  made  with  mannite  which  retards  the 
reaction  to  a  considerable  extent,  but  as  the  concentration  of  the 
mannite  used  was  not  known,  figures  are  not  given.  The  exper- 
iments were  carried  out  in  the  same  way  as  those  with  metallic 
salts,  and  the  numbers  in  parentheses  indicate  the  point  at  which 
the  foreign  substance  was  added.  In  most  cases  where  experi- 
ments with  two  concentrations  were  made  they  were  both  made 
in  the  same  solution,  the  effect  of  the  foreign  substance  in  the 
more  dilute  form  being  first  -observed,  after  which  a  second  por- 
tion of  the  foreign  substance  was  added  suflBcient  to  give  the 
solution  the  greater  concentration.  Thus  the  figures  for  greater 
concentrations  do  not  give  a  really  fair  idea  of  the  total  influence 
of  the  foreign  substance,  because  the  oxidation  rate  in  such  cases 
had  already  been  considerably  influenced  by  the  previous  small 
addition.  Further  no  attempt  was  made  to  determine  accurately 
the  concentration  of  the  foreign  substances  added,  although  the 
values  are  probably  correct  to  within  5  per  cent.  There  was  no 
object  in  attempting  greater  accuracy ,  because  the  initial  rates  could 
not  be  controlled  to  within  less  than  from  50  to  100  per  cent. 

Finally  there  remains  to  be  related  the  results  of  a  series  of 
experiments  made  with  hydrogen  sulphide.  A  solution  of  hydro- 
gen sulphide  was  prepared  in  the  usual  way  and  diluted  with 
thoroughly  boiled  water  to  the  concentration  desired.  One  cc.  of 
such  solution  was  added  to  stannous  chloride  solutions  during  the 
progress  of  their  oxidation.  Since  always  20  cc.  portions  of  stan- 
nous chloride  solution  were  used,  the  concentration  of  the  stan- 
nous sulphide  formed  in  the  whole  solution  could  be  calculated 
readily,  on  the  assumption  that  the  reaction 

SnCl,  +  H,S  =  SnS  +  2HCI 
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is  a  complete  one.  In  Table  VII  are  given  the  results  of  such 
determinations.  The  first  column  gives  the  concentration  of  the 
stannous  sulphide  in  the  solution.  The  second  column  gives  the 
rate  of  oxidation  in  cubic  centimeters  of  oxygen  per  minute  before 
the  addition  of  the  hydrogen  sulphide.  The  third  column  gives 
the  value  of  the  same  after  addition.  The  fourth  column  gives 
the  ratios  between  the  third  and  the  second  columns  ;  /.  e, ,  the 
number  of  times  faster  the  reaction  goes  after  than  before  the 
addition. 

The  concentrations  in  the  first  column  are  given  in  terms  of 
normality  of  hydrogen  sulphide,  considering  this  substance  to  be 
a  monobasic  acid.  • 


{ 


Tabi,k  VII. 

I. 

2. 

3- 

4- 

ChjS. 

Rate  before. 

Rate  after. 

Rate  after 
Rate  before 

cc. 

cc. 

zi^^     N 

r.30 

11.50 

8.80 

TffT/ov     N 

0.73 

7.40 

10.00 

TOoVo?y  N 

^•35 

5.70 

4.20 

iTJS^ais  N 

1. 00 

3.50 

350 

3ToJrirT  N 

I.OO 

1.30 

^3o| 
1.20  i 

TffuWff    N 

1.20 

1.45 

It  will  be  seen  that  we  have  here  a  case  of  enormous  accelera- 
tion of  the  rate  of  reaction  due  to  exceedingly  minute  concentra- 
tions of  the  accelerating  agent.  Fdr  the  greatest  concentration 
given  (y^iy  normal)  the  rate  is  lower  than  for  a  fifty-times 
more  dilute  solution.  This  is  possibly  due  to  the  fact  that  in  this 
case  the  stannous  sulphide  precipitated  out  in  fine  particles  of  the 
black  form, while  in  the  others  (where  visible  at  all)  it  was  in  the 
form  of  the  colloidal,  brownish  sulphide,  which  separated  only 
very  slowly  from  the  solution. 

DISCUSSION  OF  THE  RESULTS. 

It  is  evident  from  the  results  in  Part  II  of  this  paper  that  we 
have  in  the  reaction  between  stannous  chloride  solutions  and  oxy- 
gen, a  reaction  that  is  exceedingly  sensitive  to  the  influence  of 
catalytic  agencies.  It  is  not  my  purpose  to  enter  into  any  con- 
siderable discussion  of  these  results  here.  Such  discussion  would 
be  practically  useless  at  this  time,  and  a  further  investigation  of 
the  whole  matter  is  what  is  most  necessary.     I  merely  wish  to 
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call  attention  to  what  few  relationships  may  be  found  between 
these  results  and  the  results  of  previous  investigators.  As  has 
been  seen,  a  very  considerable  number  of  the  reagents  examined 
decrease  the  rate  of  the  reaction  ;  /.  e, ,  act  as  negative  catalysors, 
while  others  accelerate^  As  negative  catalysors  we  find  :  Salts  of 
manganese  and  chromium  (not  very  active),  some  constituents  of 
tobacco  smoke  and  extract,  brucine,  morphine,  nicotine,  mannite, 
aniline,  and  potassium  cyanide.  As  positive  catalysors  were 
found:  Rubber,  sulphur,  hydrogen  sulphide  (stannous  sulphide), 
salts  of  iron  and  copper,  and  alcohol.  Pyridine  and  phenol  do 
not  exert  a  sufficiently  strong  influence  to  allow  any  decided  con- 
clusion to  be  drawn  as  to  their  action  at  present.  Mannite  acts 
negatively,  but  how  strong  its  action  may  be  is  not  yet  deter- 
mined. 

Taking  up  the  negative  catalysors  first,  it  is  to  be  remarked  that 
Bigelow'  found  considerable  variations  in  the  rate  of  oxidation  of 
sodium  sulphite  by  air,  some  of  which  (impurities  in  the  air,  etc.) 
could  be  at  least  partially  controlled.  His  results  as  to  the  action 
of  mannite,  which  was  the  most  carefully  studied  agent,  seem  to 
be  comparable  to  the  results  stated  above.  It  will  be  noticed  that 
most  of  the  negative  catalysors  which  I  have  found  are  poisons. 
This  may  very  likely  be  due  to  the  fact  that  nothing  much  but 
poisons  were  studied.  The  action  of  the  alkaloids  was  investi- 
gated because  of  the  accidental  discovery  that  tobacco  smoke  was 
a  very  active  agent.  It  is  quite  likely  that  this  negative  cata- 
lytic action  upon  the  reaction  is  in  no  way  characteristic  of  poisons. 
It  is,  however,  to  be  remarked  that  Bredig  and  Miiller  von  Ber- 
neck'  found  that  poisons  were  often  very  active  agents  in  destroy- 
ing the  catalytic  action  of  colloidal  platinum  solutions. 

Among  the  positive  catalysors  are  found  salts  of  copper  and 
iron.  These  are  already  known  as  strong  agents  in  this  respect. 
The  appearance  of  alcohol  among  these  accelerators  is  quite 
anomalous.  One  would  naturally  expect  that  its  influence  in 
pushing  back  the  dissociation  of  the  solution  would  cause  it  to 
retard  the  reaction.  But  if  it  pushes  back  the  dissociation 
it  will  also  push  back  the  hydrolysis  and  might  thus  hasten 
the  reaction.     The  value  for  its  influence,  however,  is  so  large 

1  Zisckr.phys,  Chem.,  s6,  493. 
*/^fkf..  31.  as8. 
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that  it  seems  to  me  likely  that  its  action  is  due  to  wholly  other 
causes.  Bigelow^  found  alcohol  to  retard  the  oxidation  of  sodium 
sulphite  in  a  high  degree. 

The  three  remaining  accelerators — rubber,  sulphur,  and  hydro- 
gen sulphide — all  contain  sulphur.  The  first  two  exert  their 
influence  upon  the  solution  only  after  long  standing,  while  hydro- 
gen sulphide  acts  immediately. 

These  facts  allow  of  a  formulation  of  a  working  hypothesis,  by 
means  of  which  the  action  of  all  three  may  be  ascribed  to  a  com- 
mon agent,  viz,,  stannous  sulphide.  Stannous  sulphide  is  formed 
when  hydrogen  sulphide  is  introduced  into  a  solution  of  stannous 
chloride.  If  we  consider  that  the  reaction  between  water  and 
sulphur  is  an  appreciable  one,  viz, , 

2H,0  +  2S    Zl    2H,S  +  0„ 

we  can  account  readily  for  the  formation  of  stannous  sulphide 
through  the  action  of  either  rubber  or  sulphur.  This  should  be 
susceptible  of  experimental  determination. 

It  remains  to  be  noted  that  Mohr,  in  his  "Titrirmethode"  (6th 
Ed.,  1886),'  mentions  the  fact  that,  unless  great  care  is  taken  to 
free  arsenious  acid  from  sulphur  compounds,  solutions  of  it 
oxidize  with  great  rapidity  in  the  air.  The  phenomenon  appears 
analogous  to  the  one  observed  with  stannous  chloride. 

From  the  results  above  given  it  would  seem  that  a  method 
might  possibly  be  devised  by  means  of  which  the  oxidation  rate 
of  stannous  chloride  would  be  so  reduced  that  it  could  be  used 
directly  as  a  solution  for  titration.  If  this  were  possible  it  would 
be  of  very  considerable  convenience  for  some  purposes.  The 
investigation  of  this  point  has  been  undertaken  in  the  quantita- 
tive laboratory  of  this  university. 

CONCLUSION. 

In  Part  I  of  this  paper  it  is  shown  that  the  suggestion  made  in 
a  previous  paper*  as  to  the  necessity  of  a  strict  definition  of  the 
reagents  in  a  reaction  before  the  velocity  constant  or  the  order  of 
the  reaction  can  be  satisfactorily  determined,  is  not  without  ground. 
The  reaction  between  stannous  chloride  solutions  and  oxygen  is 
shown  to  undergo  an  acceleration  during  the  course  of  the  reac- 

*  Loc.  cf't. 

*  Loc.  cit.^  p.  364. 

>  This  Journal,  93,  21. 
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tion  which  finds  its  simplest  and  readiest  explanation  in  the  push* 
ing  back  of  the  hydrolysis*  by  means  of  hydrochloric  acid  pro- 
duced by  the  reaction,  and  in  possible  catalytic .  action  of  reac- 
tion products.  In  solutions  free  (or  as  free  as  possible) 
from  acid  this  acceleration  is  so  great  that  an  actual  increase  in 
the  rate  of  oxygen  absorption  occurs  during  the  first  part  of  the 
reaction.  It  soon  appears,  however,  that  although  the  results  of 
any  one  series  of  measurements  are  consistent  within  themselves 
and  in  certain  ways  also  the  results  of  different  series  are  consist- 
ent with  one  another  («.  e.,  the  ratios  of  initial  value  to  end  value 
of  velocity  constants  are  very  approximately  constant),  neverthe- 
less the  velocity  constants  for  different  series  vary  within  very 
wide  limits.  This  suggests  the  action  of  catalytic  influences,  and 
Part  II  is  devoted  to  the  detection  and  qualitative  investigation 
of  some  of  these  catalytic  agents.  The  way  for  further  investi- 
gation is  perfectly  apparent.  The  first  task  will  be  to  protect  the 
stannous  solutions  from  possible  catalytic  influences  and  to  deter- 
mine, if  possible,  the  normal  values  for  the  velocity  constants  of 
the  reaction  with  varying  concentrations  of  hydrochloric  acid, 
after  which  the  influence  of  the  various  catalytic  agents  will  be 
open  to  quantitative  investigation. 

The  chief  result  of  the  work  at  present  is,  however,  the  devel- 
opment of  an  apparatus  and  a  method  by  means  of  which  reactions 
bet^'een  liquids  and  gases  may  be  readily  and  quantitatively  studied. 

The  main  portion  of  this  work  was  carried  out  in  the  labora- 
tory of  the  Physical-Chemical  Institute,  at  Leipzig. 

Stanford  Unxvbrszty, 
December  ii,  1900. 
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SEVEN  or  eight  years  ago  in   four  samples  of  high   carbon 
steels  sent  to  two  firms  of  commercial  chemists  (same  drill- 
ings to  each)  for  analysis,  the  sulphur  was  reported  as  follows  : 

Sample  Sample.  Sample  Sample 

No.  I.  No.  2.  No.  3.  No.  4. 

Chemists  A 0.013  0.015  0.012  0.015 

•*        B 0.002  o.ooi  0.003  0.002 

1  Kortriffht  {Am,  Chem.  /.,  17,  116)  has  called  attention  to  the  probable  influence  of 
hydrolysis  in  the  reaction  between  SnCls  and  FeClg. 
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These  results  are  interesting  as  illustrating  the  meagerness  of 
our  knowledge  of  our  method5i  just  a  few  years  ago  ;  results  such 
as  these  go  to  joistify  the  sarcasm  of  the  iron-master,  who  some 
years  back  declared  that  Ananias  was  the  father  of  chemists. 

In  the  light  of  our  present  knowledge  it  is  easy  to  guess  that  the 
results  of  Chemists  B  were  obtained  by  the  aqua  regia  method. 
At  that  time  it  was  customary  to  precipitate  by  the  addition  of  5 
to  10  cc.  of  dilute  barium  chloride  solution.  This  amount  of  pre- 
cipitant, although  adequate  for  high  sulphur  steels,  utterly  fails 
when  the  sulphur  is  very  low  as  in  the  above  steels,  except  indeed 
the  liquid  after  the  addition  of  the  precipitant  be  evaporated  to 
near  dryness;  but  since  the  appearance  of  the  third  edition  of* 
Blair*  s  '*  Chemical  Analysis  of  Iron,"  containing  the  recommenda- 
tion to  precipitate  with  10  cc.  of  saturated  barium  chloride  solu- 
tion, it  is  extremely  unlikely  that  such  results  as  the  foregoing 
have  occurred. 

But  there  is  another  source  of  error  in  the  case  of  irons  and  low 
carbon  steels  which  dissolve  readily  in  concentrated  nitric  acid, 
well  worth  noting,  but  not  spoken  of  in  the  text-books  ;  this 
source  of  error  is  the  escape  sometimes  of  the  sulphur  during  solu- 
tion in  strong  nitric  acid.  The  following  results  illustrate  how 
great  the  error  may  be  from  this  cause  : 


By  aqua  regla  method. 


No. 
Iron  2456 

2458 


As  usual. 
Per  cent. 

0.006 

f  0.006 
\o.OIO 

I 0.018 

2 0.017 

3 O.OIO 

4 0.019 

2459 0.006 


Very  slow  solution. 
Per  cent. 

0.012 


0.009 

0.031 
0.030 
0.017 
0.019 
0.015 


For  the  results  in  the  second  column,  solution  was  made  very 
slowly  by  adding  the  acid  very  gradually,  and  while  heating 
removing  from  the  source  of  heat  at  the  first  appearance  of  red 
fumes,  replacing  after  an  interval,  again  removing  at  appearance 
of  fumes,  and  so  on,  at  no  time  allowing  decided  action. 

In  evolution  methods  a  very  important  source  of  error  is  the 
escape  of  a  part  of  the  sulphur  in   combination  with  carbon. 
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This  is  a  fact  very  well  known,  but  almost  universally  ignored. 
In  the  following  table  of  results  the  evolution  method  used  was 
the  cadmium  chloride  volumetric.  The  results  of  the  last  column 
were  obtained  in  the  laboratory  of  a  large  steel  works.  The  drill- 
ings, however,  were  not  the  same  as  those  the  writer  worked  on,  but 
were  obtained  from  the  same  or  nearly  the  same  spot  of  the  iron, 
and  the  results,  although  not  strictly  comparable  with  the  writer's, 
nevertheless  serve  to  show  in  a  general  way  that  the  evolution 
method  as  carried  out  by  the  writer  is  not  attended  with  any  un- 
usual source  of  error  leading  to  low  results,  and  that  the  error  in 
question  is  a  usual  and  common  one. 

In  my  determinations,  after  complete  solution,  the  liquid  was 
boiled  till  the  cadmium  chloride  solution  (in  a  Troilius  bulb)  was 
brought  to  a  boil,  then  the  flame  lowered  and  after  an  interval  of 
gentle  boiling  the  hard  boiling  repeated  as  before.* 

By  aqua  regia  method,  By  evolution  Another  chemist's 

slow  solution.  method.  results. 

No.  Percent.  Percent.  Percent. 


Iron  2458 0.009  0.010  *•.. 

"            I. 0.031  0.019  0.013 

"            2 0.030  0.018  0.012 

"            3 0.017  0.009  0.012 

'•     4 {°:°;;  0.0.0  0.014 

**          5 0.022  0.023  0.026 

**           6 0.018  0.013  0.014 

**           7 0.019  0.014  0.014 

"           8 0.020  0.016  0.015 

*•           9 0.014  0.013 

"         '° o°"  {Toil  °°'5 

**         II 0.019  0.016  0.013 

12 {I'^ll  0.014  0.014 


.025 

Steel  271 1 0.034  0.022  .... 

*'     A 0.018  0.018,  (by  another  chemist). 

**    B 0.020  0.020,     «*        ««  «« 

Steels  A  and  B  are  crucible  steels  containing  about  0.02   per 

1  At  one  time  the  writer  suspected  that  the  low  results  by  the  evolution  method  were 
due  simply  to  insufficient  boiling,  and  as  boiling  in  the  way  described  above  brought  higher 
results  and  results  agreeing  fairly  well  with  the  results  by  the  aqua  regia  method  this  sus* 
pidon  was  apparently  confirmed,  but  the  rubber  tube  in  use  at  that  time  was  the  white, 
or  vnlcanixed  kind,  and  it  was  later  found  that  the  steam  carried  over  sulphur  from  the 
rubber  tubing,  apparently  as  hydrogen  sulphide,  for  in  a  blank  testa  considerable  yellow 
precipitate  was  seen  to  form. 
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cent,  sulphur  by  the  aqua  regia  method.  Five  different  samples 
of  this  kind  of  steel  tested  by  a  commercial  chemist,  using  the 
evolution  method,  gave  about  0.013  percent,  sulphur,  which  is 
what  the  writer  also  obtains  in  these  steels  by  that  method. 
At  these  works  the  malleable  iron  used  for  making  crucible 
steel  is  bought  under  a  guarantee  not  to  exceed  0.016  per  cent,  in 
sulphur.  An  accurate  method  of  determination  is  plainly  to  be 
desired. 

From  the  above  table  it  seems  that  sometimes  the  evolution 
method  is  accurate  and  sometimes  not;  it  is  impossible,  therefore, 
to  find  a  correction  that  will  be  a  true  one  in  all  cases  and  the 
practice  common  in  western  Pennsylvania  of  standardizing  the 
iodine  solution  against  a  standard  steel  of  the  same  kind  as  those 
to  be  worked  on  must  also  fail  at  times,  although  it  is  perhaps 
not  unlikely  that  the  error  is  more  regular  and  constant  with 
steels  than  with  irons.  The  best  that  can  be  done  seems  to  be  to 
note  the  greatest  error  in  a  series  of  tests  and  use  one-half  this 
error  as  a  correction.  According  to  this  plan  the  writer,  when 
using  this  method,  increases  his  results  one-fourth  ;  thus,  for 
instance,  0.2  percent,  is  called  0.025  per  cent.,  and  0.012  per 
cent,  is  made  0.015  per  cent.  This,  of  course,  is  far  from  satis- 
factory, but  seems  to  be  the  best  that  can  be  done  with  the 
method. 

A  difiiculty  in  the  aqua  regia  method  is  the  contamination  of 
the  barium  sulphate  with  iron  oxide  when  the  precipitation  is 
made  in  solution  not  containing  much  free  acid.  Professor  J.  O. 
Arnold  (steel  works  analysis)  meets  this  difficulty  by  making  the 
precipitation  in  the  cold,  but  a  precipitation  made  by  the  writer 
in  this  way  gave  a  very  low  result,  showing  that  precipitation 
in  this  manner  cannot  always  be  relied  on  as  complete.  Precipi- 
tating as  directed  by  Blair,  but  with  5  cc.  only  of  strong  hydro- 
chloric acid  present  in  the  liquid  while  preventing  ferric  oxide 
contamination,  brought  results  0.004  to  0.008  per  cent,  (generally 
the  latter)  too  low,  but  it  was  found  by  many  experiments  that 
with  this  amount  of  acid  (see.)  present,  and  with  one-half  hour's 
boiling  (and  standing  over  night),  the  precipitation  is  at  least  as 
nearly  complete  as  by  the  Blair  procedure  and  no  ferric  oxide  con- 
tamination ever  occurs,  although  in  both  methods  the  precipita- 
tion is  rarely  absolutely  complete  as  may  be  found  by  evaporating 
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the  filtrate  to  first  appearance  of  a  scum,  taking  up  with  a  little 

hydrochloric  add  and  water  and  filtering,  carrying  the  blank,  or 

dummy,  test  to  the  same  length.     Sixty-two  tests  (5  cc.  free  acid, 

one-half  hour's  boiling)  showed  as  follows  : 

Number  of  tests  in  which  precipitation  was  complete 9 

**        "      *•     '*       "       0.001  to  0.002  percent,  was  found  in  filtrate  34 

••      ••     •*       •'      0.003  to  0.004        *'            **        "      "        "  II 

**        •«      «•     i»       a      0.005  to  0.008        '*            **        *'      •*        **  8 

In  these  losses  are  included  also  the  barium  sulphate  dissolved 
by  the  hydrochloric  acid  wash  used  to  free  the  precipitate  from 
iron. 

In  these  tests  the  sulphur  percentage  ranged  from  0.015  to  0.09 
per  cent.  The  amount  of  sulphur  unprecipitated  does  not  depend 
upon  the  total  amount — may  be  little  in  high  sulphur  steels  and 
vice  versa.  So  it  is  advisable  in  all  cases  to  make  a  plus  correction 
in  the  result  of  at  least  0.002  per  cent. 

In  Blair's  **  Chemical  Analysis  of  Iron  "  the  warning  is  g^ven 
that  the  use  of  aqua  regia  in  dissolving  the  drillings  seems  to 
result  in  loss  of  sulphur.  Nevertheless  it  is  necessary  to  use  some 
little  hydrochloric  acid  in  the  case  of  high  carbon  steels  toward  the 
end  to  effect  complete  solution.  The  following  results  obtained 
in  the  regular  course  of  work  were  suspected  of  being  low  and  the 
determinations  were  repeated,  using  the  hydrochloric  acid  more 
sparingly  :  • 

Repeated,  using  HCl 
First  determination.  more  sparingly. 

Ko.  Percentage  of  sulphur.  Percentage  of  sulphur. 

609 0.005  0.013 

611 0.004  O.CII 

814 0.014  0.020 

I^BORATORY  OP  HENRY  DISSTON  &  SONS'  STEEL  WORKS, 

Philadelphia,  Pa. 


[Contribution  from  the  John  Harrison  Laboratory  of  Chemistry, 

No.  55.] 

ALLOYS  riADE  IN  THE  ELECTRIC  FURNACE. 

By  I«bwi9  p.  Hamiltont  axd  Edgar  P.  Smith. 

Received  January  14,  1901. 

DURING  the  past  year  various  alloj's  were  made  by  us.     We 
desire  here  to  give  a  sketch  of  the  furnace  in  which  they 
were  produced,  and  also  to  briefly  describe  the  products,  as  they 
possess  interest  and  perhaps  value. 
15-23 
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THE  FURNACE. 
The  +  carbon  a  is  of  convenient  length  and  2  cm.  in  diameter  ; 
the  —  carbon  b  is  1.5  cm.  in  diameter,  while  c  represents  a 
No.  I  Dixon  graphite  crucible,  which  has  an  interior  width  of 
5  cm.  and  a  depth  of  7  cm.  It  was  placed  in  d,  a  second  graphite 
crucible,  i  decimeter  across  the  top.     The  space,  e,  between  the 


-I-  Cardor- 


two  crucibles,  was  filled  with  magnesia,    g  is  one  of  two  carbon 
plates,  1.5  cm.  in  thickness,  which  serv^  as  a  cover. 

It  is  absolutely  necessary  that  the  carbon,*,  should  make  agood 
contact  with  the  crucible,  <-,  to  avoid  the  formation  of  an  arc  at 
their  juncture  which  would  destroy  the  crucible.  The  carbon  is 
inserted  in  the  crucible  at  about  3  cm.  from  the  bottom.  To 
obtain  products  free  from  carbon,  c  is  lined  with  magnesia. 
OPERATION. 

The  material  to  be  melted  was  introduced  into  the  crucible  until 
it  was  about  even  with  the  carbon,  b,  and  then  the  arc  was  started 
between  the  two  poles  by  means  of  a  thin  pencil  of  carbon.  The 
crucible  was  next  covered  in  part  by  g  and  the  remainder  of  the 
material  was  introduced  from  time  to  time  until  150  to  200  grams 
had  been  added .  The  cover,  g,  was  then  adjusted  and  the  current 
allowed  to  run  for  a  while  longer.  The  full  period  of  action  was 
usually  ten  to  fifteen  minutes. 
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The  current  used  in  the  fusions  equaled  from  145  to  165  am- 
peres, and  from  25  to  70  volts,  although  the  average  voltage  was  35. 

ALLOYS. 

1.  This  first  alloy  contained  copper,  tungsten,  iron,  andgangue. 
It  was  made  by  fusing  together  commercial  copper  and  a  tungsten 
matte  which  had  been  previously  obtained  by  reducing  the  min- 
eral wolframite  in  the  furnace  with  carbon.  It  was  lighter  in 
color  but  very  much  harder  than  ordinary  copper  ;  indeed,  it 
proved  to  be  the  hardest  of  the  copper  alloys.  Its  specific  gravity 
was  found  to  be  7.98.  Its  analysis  showed  66.88  per  cent,  of 
copper,  23.03  per  cent,  of  tungsten,  5.74  per  cent,  of  iron,  and 
5.04  per  cent,  of  gangue. 

2.  A  matte  of  titanium  was  first  prepared  by  reducing  100 
grams  of  rutile  with  15  grams  of  carbon  and  fusing  the  product 
with  copper.  The  alloy  had  a  brass-like  appearance  ;  it  was 
toagh  but  not  so  hard  as  the  preceding  product,  and  its  specific 
gravity  equaled  7.616.  It  gave,  upon  analysis,  90.98  per  cent, 
of  copper,  3.12  per  cent,  of  titanium,  3.51  per  cent,  of  silicon, 
and  2.08  per  cent,  of  carbon. 

3.  The  mineral  columbite  was  reduced  with  carbon  in  the  fur- 
nace, and  the  resulting  matte  then  fused  with  metallic  copper. 
The  product  did  not  diflFer  in  appearance  very  much  from  metallic 
copper.     Its  specific  gravity  was  8.38. 

Analysis. 

Per  cent. 
Copper 95-OI 

CbjOj  +  TajOs 2.01 

Gangue 2.57 

99.59 

4.  Metallic  copper  and  a  molybdenum  matte  were  fused  together. 

The  alloy,   grayish  red  in  color,  was  much  harder  than  copper, 

but  not  so  hard  as  the  alloy  of  copper  and  tungsten.     Its  specific 

gravity  was  7.934. 

Analysis. 

Per  cent. 

Copper 78.53 

Molybdenum 8.53 

Iron 2.71 

Carbon 2.42 

Gangue 8.02 

100.21 
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5.  Chromium  oxide  and  metallic  copper  were  fused  in  a  carbon 
crucible.  The  product  was  gray-red  in  color,  and  in  hardness 
stood  next  to  the  alloys  containing  tungsten  and  molybdenum. 
Its  specific  gravity  equaled  8.3146. 

Analysis. 

■ 

Per  cent. 

Copper' 88.18 

Chromium 3.22 

Iron 1.35 

Carbon 2.38 

Gangue 4.13 

99.26 

6.  A  tungsten  matte  was  fused  down  with  equal  parts  of  metal- 
lic copper  and  aluminum,  giving  an  alloy  yellow  in  color,  which 
showed  the  following  composition  : 

Anai^ysis. 

Per  cent. 

Copper 34.11 

Aluminum 24.89 

Tungsten 32.67 

Iron 2.12 

Gangue 6.56 

100.35 

7.  Ten  grams  of  metallic  iron,  10  grams  of  titanium  matte, 
and  10  grams  of  commercial  metallic  tungsten  were  fused  together- 
Six  to  8  grams  of  ferric  oxide  were  added  during  the  fusion. 
The  product  was  steel-gray  in  color,  of  specific  gravity  6.707,  and 
gave  the  following  : 

Analysis. 

Per  cent. 

Iron 82.15 

Titanium 7.28 

Tungsten 1.66 

Gangue 6.63 

Carbon 2.30 

100.02 

8.  An  alloy  of  iron,  chromium,  and  titanium  was  made  precisely 
like  the  preceding  example.  It  was  steel-gray  in  color  with  a 
very  distinct  fracture,  and  the  specific  gravity  6.464. 
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Anai^YSIS. 

Per  cent. 
Iron 76.41 

Chromium 16.29 

Titanium 2.47 

Silicon 2.39 

Carbon 3. 14 

100.70 

By  greatly  increasing  the  quantity  of  chromium  in  the  fusion  a 
product  was  obtained  which  had  the  following  composition : 

Anai^ysis. 

Per  cent. 
Iron 53.03 

Chromium 40.37 

Titanium 2.65 

Gangue 4.33 

100.38 

9,  The  matte  resulting  from  the  reduction  of  100  parts  of  colum- 
biteand  15  parts  of  carbon ,  in  the  electric  furnace,  was  fused 
down  with  an  excess  of  metallic  iron.  The  product  was  brittle 
and  steel-gray  in  color. 

Analysis. 

Per  cent. 
Columbium 59-76 

Tantalum i8-77 

Iron 15.73 

Gangue 5.12 

Tungsten . .  0.63 

100.01 

10.  A  matte  of  columbium  and  tantalum,  a  matte  of  titanium 
from  rutile,  and  an  excess  of  metallic  iron  were  fused  in  the  fur- 
nace and  yielded  an  extremely  hard,   gray-colored  alloy,  which 

analyzed  as  follows  : 

Analysis. 

Per  cent. 
Iron 3o.03 

Columbium 10. 15 

Tantalum 2.91 

Titanium 3.18 

Carbon ••..  1.99 

Silicon 2.14 

100.40 
UinvsaarrT  of  Psinf  sti.vaivza. 


A  COMPARISON  BETWEEN  THE  BROHINE  AND  IODINE 
ABSORPTION  FIGURES  OF  VARIOUS  OILS. 

Bt  H.  T.  Vultb  and  Lily  I«ooan. 

Received  January  9,  1901. 

AN  examination  of  the  existing  tables  for  the  bromine  and 
iodine  figures  for  the  various  oils  discloses  so  many  incon- 
sistencies and  obvious  inaccuracies  that  the  need  for  a  revision  of 
these  tables  is  apparent.  Such  a  revision  is  offered  as  the  result 
of  the  present  investigation.  The  work  has  been  very  carefully 
carried  out  in  accordance  with  the  methods  described  below,  and 
the  figures  given  are  the  results  of  so  many  repetitions  that  there  is 
comparatively  little  opportunity  for  error. 

In  regard  to  the  comparative  accuracy  of  the  two  figures,  the 
bromine  absorption  figure  presents  some  decided  advantages. 
Errors  in  the  determination  of  this  are  largely  due  to  faulty 
manipulation,  while  the  iodine  absorption  is  affected  by  many  out- 
side circumstances,  such  as  change  in  temperature,  during  the 
much  longer  time  required  for  the  operation.  Furthermore,  in 
the  case  of  bromine,  loss  from  substitution  can  be  readily  deter- 
mined by  the  use  of  potassium  iodate,  while,  in  the  case  of  iodine, 
this  test  is  of  comparatively  little  value.  On  the  other  hand, 
substitution  is  much  more  likely  to  occur  in  the  case  of  bromine, 
which  offsets,  to  a  great  degree,  the  objections  to  the  use  of 
iodine  named  above. 

The  details  of  the  methods  employed  in  the  present  investiga- 
tion are  as  follows : 

/.  Iodine  Absorption  Figure, — A  solution  of  mercury  bichloride 
and  one  of  iodine  were  made  up  according  to  the  original  method 
of  Baron  Hiibl,  that  is,  with  at  least  one  molecule  of  HgCl,  to 
every  2  atoms  of  iodine.  A  solution  of  o.io  normal  sodium 
hyposulphite  was  then  prepared  and  standardized  by  means  of 
potassium  bichromate.  Equal  parts  of  the  first  two  solutions 
were  mixed  together  and  allowed  to  stand  for  twelve  hours  in  the 
dark  before  use.  Thin  Erlenmeyer  flasks,  having  ground-glass 
stoppers  with  gutter  between  flask  and  stopper,  were  used  for  this 
operation.  A  weighed  portion  of  the  oil  was  dissolved  in  10  cc. 
chloroform,  25  cc.  of  the  previously  prepared  mixed  Hiibl  solu- 
tion added,  the  flask  sealed  by  filling  the  gutter  with  a  solution 
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of  potassium  iodide,  and  the  whole  set  away  in  the  dark  for 
twenty-four  hours.  A  blank  was  run  in  connection  with  each 
determination.  A  solution  of  potassium  iodide  was  then  added 
in  sufficient  quantity  to  prevent  precipitation,  and  the  contents  of 
the  two  flasks  titrated  with  the  sodium  hyposulphite  solution. 
The  flasks  should  be  frequently  shaken  during  the  titration,  in 
order  that  the  la5''er  of  chloroform  may  be  gradually  deprived  of 
color,  and  a  sharp  end  reaction  may  be  had.  When  the  opera- 
tion was  nearly  completed,  a  few  drops  of  starch  solution  were 
added  in  order  to  obtain  a  sharper  change  in  color.  The  starch 
solution  should  be  added  as  late  as  possible  in  order  to  prevent 
carbonization. 

2.  Bromine  Absorption  Figure, — The  determination  of  this 
figure  was  carried  out  almost  exactly  as  proposed  by  Dr.  Mcll- 
hiney*  except  that  the  wait  before  titration  was  increased  to  from 
twenty  to  thirty  minutes.  The  end  reaction  is  less  sharp  by  this 
process  than  in  the  Hiibl  determination  on  account  of  a  yellowish 
tinge  in  the  liquid  which  masks,  to  some  extent,  the  disappearance 
of  the  starch  blue.  It  is  to  be  noted  also  that,  bromine  being 
more  unstable  in  character  than  iodine,  decomposition  of  the 
addition-product  more  readily  takes  place  and,  therefore,  a  return 
of  the  blue  color  is  more  likely  to  follow  decolorization.  On  this 
account  the  determination  of  the  substitution-figure  should  be 
hastened  as  much  as  possible. 

A  table  showing  the  results  obtained  with  fifteen  different  oils, 
by  the  methods  described  above,  follows.  In  this  table  the  oils 
are  given  in  the  order  of  increasing  divergence  between  the  bro- 
mine and  iodine  figures.  The  oils  examined  are  divided  into  five 
classes  according  to  the  characteristics  which  they  present.  The 
first  class,  comprising  eight  oils,  shows  so  close  an  agreement 
between  their  bromine  and  iodine  figures  that  it  evidently  makes 
but  little  difference  in  which  way  their  addition-factor  is  deter- 
mined. In  fact,  reasoning  from  analogy,  we  may  assume  that 
this  is  true  of  all  vegetable  oils  of  simple  constitution,  together 
with  whale  and  lard  oils. 

Sperm  oil,  being  a  wax,  is  placed  in  a  class  by  itself  and,  as 
might  perhaps  be  expected,  gives  somewhat  erratic  figures. 

The  class  comprising  rape  and  castor  oils  presents  marked  char- 

1  This  Journal,  ai,  1084. 
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acteristics.  In  the  former  oil,  substitution  seems  to  take  place  to 
a  greater  extent  with  iodine  than  with  bromine  ;  this  is  probably 
due  to  the  greater  length  of  time  necessary  to  carry  out  the  Hiibl 
process.  Traces  of  sulphur  in  rape  oil,  acquired  during  the  pro- 
cess of  manufacture,  may  also  exert  some  influence  upon  the 
action  of  iodine  on  this  oil.  In  the  case  of  castor  oil,  the  dihy- 
droxy  group  may  set  up  an  oxidation  which  would  account  for 
the  difference  observed  between  the  two  values. 

The  complex  structure  of  the  three  fish  oils  following,  probably 
causes  some  absorption  of  bromine  which  is  not  direct  substitu- 
tion, but  which  accounts  for  the  greater  bromine  figure  observed. 

Differ-    Difference  of 
Iodine  calculated       ence  of        nearest 
Iodine.  from  bromine.         averages.      figures. 

I.  Olive  oil 79.70-80.40  80.31  0.26  0.09 

Cottonseed  oil  .          97.50  97-41-97  0-295  0.09 

Poppyseed  oil  .  127.98-128.55  128.37  0.055  0.28 

Linseed  oil 155. 12-155.52  154.80  0.5a  0.32 

Sw*t  almond  oil  90.53-89.64  90.20-89.64  1.08  0.33 

Peanut  oil 100.71-100.76  101.26  0.523  0.50 

Whale  oil      ...         128.00  127.45-127.38  0.585  0.50 

Lard  oil 76.99-77.36  76.03-75.88  1.22  0.96 

II.  Sperm  oil 79-95-79.76        82.39-82.08  2.432  2.13 

III.  Rape  oil 103.69-103.37       99.03-98.56  4.60  4.17 

Castor  oil 86.32-87.15         78.74-78.71  8.01  7.58 

IV.  Seal  oil 93-3I-93-99       103.09-103.74  9.765  9.10 

Cod-liver  oil...  122.09-122.79     132.86-132.18  10.08         9.39 

Menhaden  oil . .  176.5-175.65       186.94-186.86  10.825      10.36 

V.  Resin  oil 59.67-58.95         10.60-10.26  48.845      48.35 

Examination  of  numerous  samples  of  many  different  oils  would 
probably  disclose  some  regularity  of  action,  and  might  lead  to  the 
formulation  of  some  rules  and  tests  for  the  detection  of  oils,  either 
in  combination  or  separately,  from  the  relation  between  their  bro- 
mine and  iodine  figures.  For  example,  the  presence  of  menhaden 
oil  in  linseed  oil  could  be  easily  detected  in  this  manner. 

The  following  table  gives  the  substitution  figures  of  all  those 
oils  tabulated  above  which  show  themselves  at  all  capable  of  form- 
ing substitution  products.  It  will  be  noticed  that  only  six  out  of 
the  fifteen  oils  figure  in  this  table. 
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Total  bromine.  Addition  figure.    Subfititution  figure 

Cod-liver  oil 85. 16-84.67  84. 52-84.09  0.63-0.58 

Average 84.91  84.305  0.605 

Menhaden  oil 120.T0-120.30        118.88-1 18.93  i. 22-1. 27 

Average 120.15  118.905  1.245 

Sweet  almond  oil  •.••  59.54-59.15  57.38-57.02  2. 16-2. 13 

Average 59-345  57.20  2.145 

Sperm  oil 54*6i-54>56  52.41-52.21  2.20-2.34 

Average 54-585  52.31  2.27 

Castor  oil 52.62-52.80  50.09-50.07  2.53-2.73 

Average 52.71  50.08  2.63 

Resin  oil 108.67-109.23  6.74-6.47  101.93-102.76 

Average 108.90  6.605  102.345 

As  will  be  seen  upon  examination,  the  foregoing  table  gives 
results  differing  widely  from  those  of  other  experimenters.  In 
cases  where  the  substitution  is  small  this  is  probably  due,  in  part 
at  least,  to  experimental  error,  as  great  care  is  necessary  in  the 
conduct  of  the  operation.  Errors  are  titrated  for,  along  with  sub- 
stitution, and  the  result  obtained  is  compounded  of  these  two 
items.  In  connection  with  this  investigation,  the  recent  article 
of  Marshall'  on  the  **  Iodine  Value  of  Oils"  should  also  be  noted. 

Attention  should  also  be  called  to  the  fact  that  several  of  the 
oils  examined  above  were  somewhat  rancid  and  it  is  probably  due 
to  this  fact  that  sweet  almond  oil  shows  substitution. 
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Bt  Charles  Lathrop  Parsons. 

Rocefved  (January  8,  xgoz. 

TH£  use  of  sodium  carbonate  to  assist  the  action  of  the  redu- 
cing flame  has  long  been  customary  in  blowpipe  analysis, 
and  is  adopted  by  all  text-books  on  the  subject.  The  reducing 
action  is  partly  due  to  the  formation  of  sodium  cyanide  but 
more  largely  to  the  formation  of  gaseous  sodium  and  carbon 
monoxide.  At  best  its  action  is  slow  and  nothing  more  se- 
verely tests  the  skill  of  the  beginner  than  the  attempt  to  obtain 
a  button  of  metallic  tin  from  cassiterite,  or  the  sulphur  reaction 
from  gypsum.  In  general  it  is  much  more  difficult  to  reduce  an 
oxide  or  sulphide  before  the  blowpipe,  than  it  is  to  cause  the 
opposite  reaction  to  take  place  by  means  of  the  oxidizing  flame. 

ly.  Soc.  CJUm,  Ind.^  (1900),  p.  213. 
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Therefore,  if  the  assay  is  not  kept  in  the  reducing  zone  of  the 
flame  a  reoxidation  will  almost  certainly  take  place. 

The  great  reducing  power  of  pc^dered  aluminum  has  been  well 
illustrated  by  Goldschmidt  and  Vautin,^  and,  although  the  fact 
that  this  property  is  possessed  also  by  magnesium  and  sodium 
has  long  been  known,  W.  Hempel*  seems  to  have  been  the  first 
to  propose  the  use  of  the  latter  as  a  reagent  in  qualitative  analysis. 
Hempel  calls  attention  to  the  ease  with  which  reduction  may  be 
brought  about  by  sodium,  but  states  that  it  does  not  give  satisfac- 
tory results  on  charcoal.  He  recommends  that  the  sodium  be 
flattened  out  upon  an  ordinary  filter-paper,  and  after  being  mixed 
with  the  powdered  substance  folded  once  and  then  rolled  so  that  a 
double  layer  of  paper  is  between  each  layer  of  sodium.  This  roll 
is  next  enclosed  in  a  spiral  of  iron  wire,  set  on  fire  in  a  Bunsen 
flame  and  cooled  in  the  unbumed  gas  below.  It  is  next  triturated 
with  water  in  an  agate  mortar,  and  the  residue  carefully  examined. 

I  have  found  these  details  to  be  quite  unnecessary  and  that  the 
reaction  takes  place  with  the  greatest  ease  upon  charcoal.  To 
the  operator  who  has  been  used  to  the  much  more  tedious  reduc- 
tion with  sodium  carbonate  the  quickness  and  certainty  of  the 
results  are  almost  startling,  and  the  reduction  takes  place  with 
silicates,  chlorides,  carbonates,  borates,  sulphates,  sulphides,  etc., 
with  as  much  ease  and  accuracy  as  with  the  oxides  themselves. 
The  method  is  extremely  simple. 

A  small  piece  of  metallic  sodium,  not  more  than  3  or  4 
mm.  in  diameter,  is  hammered  out  flat  on  some  smooth  sur- 
face. The  substance  to  be  reduced  is  powdered  and  spread  upon 
it,  pressed  into  the  metal  with  the  hammer  and  the  whole  turned 
and  kneeded  into  a  little  ball  with  a  knife  blade.  It  is  then 
placed  upon  a  slight  depression  in  a  piece  of  charcoal  and  ignited 
with  a  match  or  the  Bunsen  flame.  A  momentary  flash  ensues, 
and  the  reduction  is  accomplished.  The  residue  is  now  heated 
before  the  blowpipe,  and  as  the  sodium  oxide  and  hydroxide 
immediately  sink  into  the  charcoal,  any  fusible  metallic  particles 
collect  easily  into  a  button  and  may  be  recognized  in  the  usual 
manner.  Volatile  metals,  like  zinc,  oxidize  and  yield  with  sur- 
prising readiness  their  characteristic  coatings  and  on  digging  up 

ly.  Soc.  Chem.  Ind.^  17,  545. 
>  Ztschr,  anorg.  Chem,^  161  23. 


METALLIC  SODIUM   IN   BLOWPIPE  ANALYSIS.  I  6l 

a  little  of  the  charcoal,  moistening  with  water  and  placing  upon  a 
silver  coin,  the  '^Hepar*'  reaction  is  obtained  if  sulphur  was 
present  in  any  form.  It  is  perhaps  superfluous  to  add  that  this 
last  reaction  is  certain  in  its  conclusions  only  when  carried  out 
upon  a  piece  of  charcoal  uncontaminated  by  previous  tests. 

Applied  to  minerals  the  method  3rields  results,  but  little  less 

certain  than   when  pure  salts  or  oxides  are  reduced.     Galenite 

yields  at  once  a  button  of  lead  which  in  the  oxidizing  flame  gives 

the  lead  coating  without  a  trace  of  the  white  coating  of  sulphate 

which  ordinarily  results.    Gamierite  gives  a  residue  of  silicon  and 

magnetic  nickel  to  which  the  bead  test  can  be  immediately  applied. 

ChrysocoUa    and   cassiterite  yield   buttons  of   copper   and   tin 

respectively  as  readily  as  a  button  of  lead  is  obtained  from  cer- 

usite.     Even  chromite  is  immediately  reduced,  and  if  the  residue 

is  powdered   the  iron  may  be  quite  largely  separated  from  the 

chromium  by  means  of  the  magnet.     Barite,  celestite,  and  gypsum 

show  with  ease  the  sulphur  reaction  and  the  residue  if  moistened 

with  hydrochloric  acid  gives  the  flame  tests  far  more  rapidly  than 

if  applied  to  the  powdered  minerals.     In  general  the  method  is 

applicable  whenever  reduction  can  take  place  and  whenever  the 

reduced  material  yields  characteristic  reactions  more  readily  than 

the  mineral  itself. 

The  metallic  sodium  does  not  need  to  be  kept  under  naphtha 
but  may  be  supplied  to  a  class  in  small  rubber-stoppered  wide- 
mouthed  bottles.  A  lump  of  sodium  two  or  three  centimeters  in 
diameter  will  keep  for  months  in  this  manner  with  only  superfi- 
cial oxidation.  It  must,  of  course,  be  carefully  kept  away  from 
water  or  moisture.  In  rolling  up  the  sodium  and  substance  to  be 
reduced  into  a  ball,  the  metal  should  not  be  touched  with  the 
fingers  for  with  one  or  two  of  the  more  easily  reduced  oxides  or 
sulphides,  the  reaction  sometimes  begins  spontaneously.  This 
takes  place  quite  readily  with  the  peroxide  of  lead.  Large  quan- 
tities of  sodium  should  be  avoided  or  the  reaction  may  become 
dangerously  violent. 

From  my  experience  in  its  use  with  classes  during  the  last  two 
years,  I  feel  sure  that  sodium  will  soon  be  universally  employed 
as  a  reagent  in  blowpipe  laboratories. 
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IN  1879,  Thorpe^  showed  that  the  liquid  at  that  time  sold  in 
San  Francisco  under  the  name  of  abietene,  and  there  largely 
used  as  a  cleansing  agent  and  insecticide,  consisted  of  nearly 
pure,  normal  heptane.  This  substance  had  been  previously 
examined  by  Wenzell',  and  was  by  him  reported  to  be  obtained 
by  distilling  the  exudation  of  Ptnus  Sabtmana,  At  the  present 
time  this  substance  is  not  on  the  market,  though  certain  abietene 
cough-remedies  find  a  limited  sale.  These  latter  preparations 
were  shown  by  Lemmon'  to  be  derived  from  Pinus  Jeffreyi, 

The  occurrence  of  a  normal  hydrocarbon  of  the  paraffin  series 
as  a  vegetable  product  is  of  unusual  interest  and  should  be  fully 
confirmed.  The  above  facts  would  seem  to  warrant  a  reexam- 
ination of  the  exudations  of  the  species  named,  as  well  as  those 
of  the  other  numerous  Pacific  Coast  conifers.  The  difficulty  of 
obtaining  material  in  sufficient  quantity  and  of  unquestioned 
authenticity  for  such  an  investigation  is  a  serious  one,  as  many 
of  the  species  yield  only  small  amounts  of  such  exudations,  and 
many  are  difficult  of  access.  The  author  has  been  able  at  various 
times  to  collect  small  samples  of  such  material,  representing  five 
different  species,  and  has  made  such  examination  of  these  as  the 
nature  of  the  material  would  permit.  The  samples  are  described 
as  follows : 

I.  Pinus  Jeffreyi, — Collected  at  Lake  Tahoe  from  stumps  of  re- 
cently cut  trees.  The  fresh  material  consists  of  a  clear,  white  liquid 
of  about  the  consistency  of  glycerine,  and  has  a  pleasant  auran- 
tiaceous  odor  ;  on  standing,  it  rapidly  thickens,  loses  its  pleasant 
odor  and  eventually  forms  a  hard,  yellow  colophony.  On  distilla- 
tion with  steam  the  sample  yielded  about  three  per  cent,  of  a 
mobile  <x)lorless  liquid.  This  distillate  was  purified  by  treatment 
with  concentrated  sulphuric  acid,  washed  with  water,  dehydrated 
with  calcium  chloride  and  redistilled.  The  greater  portion  dis- 
tilled over  between  96®  and  98®,  but  some  portions  boiled  as  high 
as  112®. 

*y.  Ckem.  Soc.^  30,  297 ;  Am.  Chem.J.,  1,  155. 

*Am.J.  Pharm.^  4th  series,  a,  97. 

>  San  Francisco  and  Pacific  Druggist^  1,  17. 
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2.  Pinus  Sabiniana. — Collected    at  the    Hoopa  Valley  from 

incisions  made  in  the  trunks  of  the  trees.     The  secretion  closely 

resembles  that  of  P,  Jeffreyi  but  is  more  viscous.     It  yielded  about 

10  per  cent,   of  a  mobile  distillate  which  was  purified  as  that 

obtained  from  the  previous  sample. 

3.  Pinus  Sabiniana. — A  sample  of  the  hardened  resin  naturally 
secreted  from  the  trunk  and  branches.  It  was  collected  in  I^ake 
County  by  Mr.  W.  H.  Rees,  and  was  treated  the  same  as  the  pre- 
vious samples. 

4.  Pinus  Murryana. — Collected  at  Lake  Tahoe  from  recently 
peeled,  but  still  living,  trees.  It  was  of  a  light  yellow  color,  a 
semisolid  consistency,  and  had  a  pronounced  turpentine  odor. 
On  distillation  it  yielded  a  liquid  of  pronounced  terpene  odor, 
most  of  which  distilled  over  between  153°  and  160®,  but  portions 
of  it  boiled  as  high  as  180°.  The  former  fraction  was  redistilled 
and  the  portion  boiling  between  158°  and  160°  used  for  the  deter- 
minations enumerated  below. 

5.  Abies  Concolor  var,  Lawiana, — Obtained  at  Lake  Tahoe  from 
the  cavities  in  the  outer  bark.  It  is  a  light  yellow  oleo-resin 
which  closely  resembles  Canada  balsam  (from  Abies  Canadensis^ 
and  could  undoubtedly  be  used  as  the  equivalent  of  it.  It  yielded 
20  per  cent,  of  a  terpene-like  liquid,  most  of  which  distilled 
between  155*^  and  i6o°. 

6.  Pseudotsuga  Taxifolia, — The  hardened  natural  exudation 
collected  in  Mendocino  Co.  On  distillation,  it  yielded  about  9 
per  cent,  of  a  terpene-like  liquid.  On  redistilling,  the  larger  part 
passed  over  between  157°  and  160°  the  remainder  between  160® 
and  165°. 

In  the  following  table  are  tabulated  the  results  obtained  from 
an  examination  of  the  distillates  referred  to  above.  Corrections 
for  varying  barometric  pressure,  etc.,  have  not  been  applied  since 
the  small  amounts  of  liquid  obtained  (from  8  to  20  cm.) 
did  not  permit  of  a  satisfactory  purification  of  the  sam- 
ples. A  comparison  of  the  figures  there  reported  with  the 
numbers  representing  the  normal  constants  of  heptane  on  the  one 
hand,  and  of  the  various  terpenes  on  the  other,  gives  sufficient 
evidence  of  the  fact  that  both  P,  Jeffryi  and  P,  Sabiniana  yield 
normal  heptane,  while  the  other  species  mentioned  yield  terpenes 
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similar  to  those  obtained  from  other  coniferous  trees.  The  exact 
character  of  the  terpenes  present  can  not  be  determined  from  the 
data  presented. 

Index  of  reftc-    Specific       Vapor-       Iodine 
Sample  No.      Boiling-point.    Sp.  gr.  at  150.      tion  at  150.      roUtion.     density,  absorption. 

I 96^-97°  0.6863  1-3905             O  ..             O 

2 96**-97'*  0.6840  1 .3887         -\-2^  . .              O 

3 97®  0.6860  1.3902          -f3^  3.54              o 

4 i58°-i6o®  0.8640  1.4765  —15**  23'  . .         high 

5 i55°-i6o**  0.8578  1.4738  —  7°    9^  ••  very  high 

6 i57®-i6o°  0.8583  1.4754  —41®  12^  . .         high 
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INTRODUCTION. 

THE  accuracy,  the  rapidity  of  manipulation,  and  the  moder- 
ate cost  of  the  bomb  calorimeters  now  in  use,  have  made  it 
practicable  for  chemists  to  employ  the  determination  of  heat  of 
combustion  (or  calorific  power)  not  only  for  the  valuation  of 
fuels,  but  as  an  aid  to,  or  check  upon,  the  chemical  analysis  of 
other  organic  materials.  The  comparison  of  the  values  actually 
determined  by  the  calorimeter  with  those  calculated  for  the  con- 
stituents found  by  analysis  has  been  used  for  some  years  as  a 
check  upon  the  accuracy  of  the  analyses  of  foods  and  physio- 
logical products,  especially  by  Atwater  and  his  associates  at 
Middletown,  Conn.,  and  by  Wiley  and  Bigelow  in  the  U.  S. 
Department  of  Agriculture. 

It  is  evident  that  this  method  of  checking  the  results  of  proxi- 
mate analysis  can  be  applied  in  any  case  in  which  the  calorific 
values  of  the  determined  constituents  are  accurately  known. 
The  determination  of  heat  of  combustion  may  also  give  direct 

1  A  considerable  part  of  the  work  here  recorded  was  carried  out  in  the  laboratories  of 
Wesley  an  University  for  the  privileges  of  which,  as  well  as  for  the  use  of  the  bomb 
calorimeter  employed,  we  are  greatly  indebted  to  Prof.  W.  O.  Atwater. 
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aid  in  distinguishing  between  similar  materials.  Butter,  having 
a  relatively  high  proportion  of  fatty  acids  of  low  molecular 
weight,  has  a  lower  heat  of  combustion  than  lard  or  margarine 
and  this  fact  has  been  utilized  by  de  Schweinitz  and  Emory  in 
testing  the  purity  of  butterfat.*  This  principle  would  evidently 
find  little  application  among  the  fatty  oils  since  they  show  little 
variation  as  regards  the  mean  molecular  weights  of  the  fatty 
adds  present.  Neither  is  the  heat  of  combustion  greatly  affected 
by  the  presence  of  unsaturated  acids.  Stohmann  (using  the 
chlorate  method)  found  only  a  small  difference  between  stearic 
and  oleic  acids  and  almost  no  difference  between  olive  oil  and 
linseed  oil. 

However,  rt  seemed  likely,  that,  on  the  one  hand,  oils  rich  in 
hydroxy-acids  like  castor  oil,  and  on  the  other  hand,  waxes  like 
sperm  oil  or  non-fatty  oils*  like  resin  and  petroleum  oils,  might 
differ  sufficiently  from  the  ordinary  fatty  oils  to  give  some  value 
to  the  determination  of  heat  of  combustion  as  one  means  of 
detecting  mixtures  of  oils  of  these  different  classes. 

It  occurred  to  us,  moreover,  that  the  oxidation  which  takes 
place  when  an  oil  ' '  dries '  *  must  result  in  a  loss  of  calorific 
power  and  that  a  measure  of  this  loss  might  often  be  of  more 
value  than  the  simple  determination  of  increase  in  weight.  A 
lubricant  consisting  of  a  mixture  of  semidrying  fatty  oil  with 
petroleum  might  show  little  or  no  change  in  weight  on  heating 
in  contact  with  the  air,  the  oxidation  of  the  former  oil  being 
obscured  by  the  partial  volatilization  of  the  latter.  Since,  how- 
ever, the  volatilization  of  hydrocarbons  by  decreasing  the  amount 
of  combustible  matter  would  increase  the  loss  of  calorific  power 
(calculated  upon  the  original  weight)  it  is  probable  that  this 
determination  would  immediately  indicate  the  objectionable 
nature  of  such  a  sample.  Even  in  the  absence  of  hydrocarbon 
oils,  the  information  obtained  by  determining  the  loss  of  calorific 
power  on  exposure  may  sometimes  be  of  value  in  judging  the 
quality  either  of  an  oil  intended  to  '*  dry  "  or  of  a  lubricant  in 
which  any  such  tendency  is  highly  objectionable. 

In  some  drying  experiments  already  made,  in  which  oils  were 
exposed  at  about  50°  for  forty  hours,  we  have  found  a  loss  of 
calorific  power  amounting  to  over  ten  per  cent,  in  the  case  of 

1  This  Journal,  i8, 174. 
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linseed  oil,  while  lard  oil  subjected  to  the  same  treatment  lost  less 
than  one  per  cent.  The  results,  are,  however,  considerably 
affected  by  variations  in  the  temperature  employed  and  in  the 
amount  of  surface  over  which  the  oil  is  spread.  These  condi- 
tions are  still  under  investigation  and  the  discussion  of  this  sub- 
ject will  be  left  for  a  later  paper. 

We  give  below  the  heats  of  combustion  of  several  samples  of 
commercial  oils  with  some  consideration  of  the  relation  of  this 
value  to  the  analytical  constants  most  commonly  determined. 

THE  HEATS  OF  COMBUSTION  OF  SOME  COMMERCIAL  OILS. 

With  the  exception  of  mineral  oils  intended  for  fuel,^  few  com- 
bustions of  oils  appear  to  have  been  recorded.  Berthelot*  quotes 
only  the  results  obtained  by  Stohmann  ;'  viz, ,  two  samples  of  lin- 
seed oil,  9488  and  9439  calories  per  gfam;  two  of  poppyseed  oil, 
9597  and  9562;  two  of  rapeseed  oil;  9627  and  9759;  and  three  of 
olive,  9467,  9458,  and  9608.  The  determinations  were  made  by 
the  chlorate  method  and  afterward  corrected  by  dividing  by  the 
empirical  factor  0.9857,  which  was  derived  from  a  comparison  of 
the  results  obtained  on  solid  animal  fats  by  the  two  methods. 
Gibson,^  who  also  used  the  chlorate  method,  found  for  olive  oil 
9471,  and  for  sperm  oil,  loooi  calories  per  gram.  Wiley  and 
Bigelow,*  while  studying  the  calories  of  combustion  of  the  con- 
stituents of  cereals,  made  the  following  determinations  upon  oils 
extracted  and  purified  in  the  laboratory:  wheat  oil,  9359;  rye  oil, 
9322;  maize  oil,  9280  calories  per  gram.  Merrill*  found  the  heat 
of  combustion  of  a  sample  of  cocoanut  oil  pressed  in  the  labora- 
tory to  be  9066  calories  per  gram. 

In  addition  to  these  oils  a  considerable  number  of  **  ether 
extracts  "  have  been  examined  by  Stohmann,^  Wiley  and  Bigelow,* 
Atwater  and   associates    (unpublished)   and  by   Merrill.'    The 

1  Poole.  *' Calorific  Power  of  Fuels'*  (1898),  pp.  338-340,  quotes  detertnifuttions  of  heat 
of  combustion  of  several  samples  of  mineral  oils  by  various  observers  but  without  suffi- 
cient detail  as  to  the  methods  by  which  they  were  obtained  to  enable  us  to  compare  them 
with  those  here  recorded. 

«  *'  Thermochimie,"  Tome  II,  p.  565. 

»  See  review  article  in  Experiment  Station  Record,  VI,  601. 

*  Report  of  the  Storrs  (Conn.)  Experiment  Station  for  1890,  p.  190. 
ft  This  Journal,  ao,  309. 

9  Bull.  65,  Maine  Experiment  Station,  p.  iii. 
'  Loc.  at. 

*  Loc.  cit. 

*  Loc.  at. 
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latter' s  work  upon  the  oils  extracted  from  nuts  included  the 
determination  of  the  more  important  ''constants"  and  these 
would  indicate  that  the  samples  examined  did  not  di£Per  greatly 
from  the  corresponding  oils  obtained  by  commercial  methods. 

As  a  rule  the  heats  of  combustion  of  ether  extracts  have  been 
found  distinctly  lower  than  those  of  the  corresponding  commer- 
cial oils,  the  difference  being  doubtless  due  to  the  presence  of 
other  ether-soluble  substances. 

Our  own  work  has  been  done  entirely  upon  commercial  oils, 
some  of  the  samples  being  fresh  and  presumably  typical,  while 
others  are  known  to  be  more  or  less  altered  by  age  and  exposure. 

Apparatus  and  Methods  Employed, — The  heats  of  combustion 
were  determined  with  a  bomb-calorimeter  of  the  Atwater- 
Blakeslee  tjrpe.*  Accordant  results  for  the  hydrothermal  equiv- 
alent of  the  apparatus  were  obtained  ( i )  by  calculation  from  the 
weights  and  specific  heats  of  the  component  materials  ;  (2)  by 
five  combustions  of  cane-sugar,  the  quantity  of  heat  liberated  by 
the  combustion  being  assumed  to  be  3959  calories  per  gram  of 
substance  burned  ;*  (3)  by  three  combustions  of  benzoic  acid,  the 
heat  liberated  being  assumed  to  be  6322  calories  per  gram.' 

The  heats  of  combustion  given  in  the  table  are  the  mean  of 
two  (or  in  some  cases  three  or  four)  determinations.  The  average 
deviation  of  individual  determinations  from  the  mean  was  =i=o.i2 
per  cent,  of  the  value  found  (about  11  calories).  In  only  three 
cases  did  the  deviations  exceed  ±  0.25  per.  cent.;  viz,,  linseed 
oil  III  (No.  3),  -f  0.39  and  —  0.31  per  cent.,  petroleum  III 
(No.  40)  ±0.38  per  cent.,  and  rape  oil  II  (No.  18)  ±0.30  per  cent. 

The  results  obtained  with  the  bomb-calorimeter  are,  of  course, 
heats  of  combustion  at  constant  volume.  To  reduce  these  to 
heats  of  combustion  at  constant  pressure  it  is  necessary  in  the 
case  of  solid  or  liquid  compounds  containing  only  carbon,  hydro- 
gen, and  oxygen  to  add 

T 
{\p  —  q)  -jr,  calories  per  gram, 

I  W.  O.  Atwater  and  O.  S.  Blakeslee:  "  Improved  Forms  of  Bomb-Calorimeter  and 
Accessory  Apparatus,"  Storrs  (Conn.)  Experiment  Station  Report  for  1S97,  p.  199. 

<  Averasreof  the  results  of  Berthelotand  Vieille  (three  determinations):  Ann.  chim. 
pkys.^  [6],  10.  458  (18S7);  Stohmann  and  I«angbein  (four  determinations):/,  prakt.  Ckem.^ 
[a],  45,  313  (1893);  and  Atwater  and  Tower  (seven  determinations):  Unpublished. 

*  Identical  average  of  the  results  of  Longuinine  (four  determinations):  Ann.  chim, 
phys.^  [6],  13,  330  (1888);  and  of  those  of  Stohmann,  Kleber,  and  I«angbein  (four 
determinations) :  y. /ra^/.  Chem.,  [2],  40, 128  (1889). 
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/  being  the  number  of  atoms  of  hydrogen  and  q  the  number  of 
atoms  of  oxygen  in  the  molecule,  M  the  molecular  weight  of  the 
substance  and  T  the  absolute  temperature  of  the  calorimeter. 
The  correcting  terms  for  the  principal  constituents  of  oils  at  20® 
C.  were  calculated  from  the  elementary  composition  and  from 
the  results  thus  found  we  have  estimated  the  following  correc- 
tions for  the  oils  included  in  this  investigation:  American  petro- 
leums. 22  calories;  sperm  oil,  18  calories;  castor  oil  and  rosin  oil, 
14  calories;  all  oils  consisting  essentially  of  glycerides  of  non- 
hydroxylated  fatty  acids,  15  calories. 

Method  of  Kindling  the  Samples. — ^The  device  employed  to 
insure  the  ignition  of  the  oil  in  the  bomb  is  one  which  we  have 
not  seen  described.  The  oil  was  absgrbed  upon  a  small  amount 
of  fibrous  asbestos,  such  as  is  used  in  Gooch  crucibles,  con- 
tained in  the  small  platinum  capsule  ordinarily  used  in  combus- 
tions of  solids,  and  was  ignited  directly  by  the  electrically  fused 
iron  wire.  This  method  has  proved  perfectly  satisfactory  and  is 
obviously  more  accurate  than  that  of  burning,  with  the  oil,  a 
quantity  of  kindling  substance — such  as  a  block  of  cellulose  or  a 
gelatine  capsule. 

Determination  of  ^'Constants.'' — The  usual  methods  were 
followed.  The  specific  gravity  was  determined  by  means  of  a 
carefully  calibrated  Westphal  balance.  Free  acid  was  dissolved 
by  vigorous  shaking  with  alcohol  ^  titrated  with  tenth-normal 
alkali  and  calculated  as  oleic.  For  the  determination  of  the 
iodine  absorption,  the  solutions  of  iodine  and  of  mercuric  chloride 
were  prepared  separately  and  mixed  only  about  twenty-four 
hours  before  use.  The  flasks  used  were  similar  to  those  described 
b)'  Vult6  and  Gibson.*  About  twice  as  much  iodine  was  added  as 
was  expected  to  be  absorbed  and  the  whole  allowed  to  stand  in 
a  dark  closet  at  room  temperature  for  eighteen  to  twenty  hours. 
The  determinations  were  usually  made  in  sets  of  six  to  twelve, 
several  ' '  blanks  '  *  being  run  with  each  set. 

Description  of  Samples  Examined, —  i .  Linseed  oil  from  seed  grown 
in  Dakota.  Prepared  by  crushing  the  seeds  between  rollers  and 
pressing  in  hydraulic  presses.  This  sample  was  obtained  directly 
from  the  manufacturers,  and  from  the  description  given  by  them 
it  must  have  been  less  than  six  months  old  when  examined. 

^  This  Journal,  aa,  457. 
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2.  Linseed  oil  purchased  in  open  market.  Origin  unknown. 
Had  been  kept  about  two  years  in  a  dark  closet  in  the  laboratory. 

3.  Linseed  oil  several  years  old.  This  sample  had  been  kept 
for  a  long  time  in  a  bottle  only  partly  filled,  and  had  frequently 
been  opened  and  exposed  to  di£Pused  sunlight. 

4.  Boiled  linseed  oil  of  unknown  history. 

5.  Poppy  seed  oil.  This  sample  was  several  years  old,  but  had 
been  fairly  well  protected  from  light  and  air. 

6.  Maize  oil  furnished  by  the  Glucose  Sugar  Refining  Com- 
pany. This  sample  came  directly  from  the  factory  with  the 
statement  that  it  had  been  pressed  from  cooked  com  germs,  and 
had  gone  through  no  refining  process,  except  that  it  was  allowed 
to  settle  in  a  large  tank  before  shipment.  It  was  examined  soon 
after  being  received. 

7.  Maize  oil  purchased  in  open  market  and  kept  in  a  closed 
can  for  about  three  years. 

8.  Crude  maize  oil  of  unknown  history. 

9.  Prime  summer-yellow  cottonseed  oil. 

10.  Choice  summer-yellow  cottonseed  oil. 

11.  Choice  summer- white  cottonseed  oil. 

Nos.  9,  10,  and  11  were  kindly  furnished  by  the  Southern 
Cotton  Oil  Company  through  the  courtesy  of  their  chemist,  Mr. 
Geo.  F.  Tennille,  to  whom  we  are  also  indebted  for  the  following 
statement :  '  *  These  oils  are  of  undoubted  origin,  and  were 
refined  to  a  yellow  by  caustic  soda  only.  The  white  oil  was  made 
from  a  choice  yellow  by  bleaching  with  fuller's  earth  and  then 
deodorizing  by  a  secret  process. ' ' 

1 2  and  1 3.     Samples  of  crude  cottonseed  oil  of  unknown  history. 

14.  Cottonseed  oil  which  had  been  kept  in  a  partly  filled  bottle 
for  some  time. 

15.  Very  old  sample  of  winter-yellow  cottonseed  oil,  showing 
in  marked  degree  the  effects  of  oxidation,  although,  as  its  history 
is  unknown,  it  may  have  been  abnormal  when  fresh. 

16.  Commercial  sesame  oil,  about  one  year  old. 

17.  Commercial  rape  oil  examined  as  soon  as  received. 

18  and  19.  Commercial  rape  oils  which  had  been  in  the  labo- 
ratory for  some  years. 

20.  Castor  oil  purchased  from  retail  druggist. 

21.  Castor  oil  of  unknown  origin,  at  least  a  year  old. 
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22.  Commercial  peanut  (arachis)  oil,  about  a  year  old. 

23.  Commercial  almond  oil,  about  a  year  old. 

24.  Commercial  almond  oil,  several  years  old. 

25.  **  Best'*  commercial  olive  oil,  about  a  year  old. 

26.  Olive  oil  of  unknown  origin,  labeled  ''  special." 

27.  Refined  menhaden  oil.  This  sample  was  several  years  old 
but  had  been  kept  air-tight  in  a  full  bottle. 

28.  Crude  commercial  menhaden  oil,  about  a  year  old. 

29.  Fresh  **  Bergen  "  cod-liver  oil. 

30.  Old  sample  of  cod-liver  oil;  discolored;  origpin  unknown. 

31 .  Whale  oil  believed  to  be  entirely  pure.  The  sample  was  at 
least  twenty  years  old  but  had  been  kept  well  corked  in  a  full 
bottle. 

32.  Best  commercial  lard  oil  furnished  us  by  Dr.  A.  G.  Manns, 
chemist  for  Armour  &  Co.  This  sample  was  examined  a  few 
weeks  after  being  recgiygl.  rfV^'*^ 

33.  Lard  oil  *  *  {^^iwncsLtmgy^k^l^^  a  year  old. 

34.  Commercj^ferd  y il ,'  ■  Will "ur  fi^^^bars  old. 

35.  '' Extra  MitateLr^/lag||gpi|§|{§:h  h^  been  kept  in  a  partly 
filled  can  for  alout  tnree  years.  _  ^ 

36.  Sperm  oiV^btained  tfif-ect  immji&kers.  The  sample  was 
about  ten  years  ollM}2^j^0^f|^|i^^ii!$t  duriiig  most  of  the  time 
in  a  well-stoppered  botllfi  Ifl  &  dark  closet. 

37.  A  rather  heavy  rosin  oil  of  unknown  history. 

38.  39,  and  40.  Commercial  petroleum  oils  intended  for  lubri- 
cating. 

Heat  of  com- 

Specific     Iodine  . ^ZJ! . 

gravity    absorp-    Free  acid  Constant  Constant 

^5-5  tion.       as  oleic,    volume,    pressure. 

No.  Description  of  oil.  15.5      Percent.  Per  cent.  Calories.    Calories. 

1.  Raw  linseed,  I — 1900;  fresh.. .  0.934  182.4  4-30  93^4  9379 

2.  Raw  linseed,  II — 1898 0.938  175.9  1.22  9379  9394 

3.  Raw  linseed,    III — old 0.947  156.7  5.30  9215  9230 

4.  Boiled  linseed 0.953  150.7  7.40  8810  8824 

5.  Poppyseed 0.926  129.6  2.66  9382  9397 

6.  Maize  oil,  I — 1900 0.924  120.3  3.32  9413  9428 

7.  Maize  oil,  II — 1898 0.926  120.7  2.56  9436  9451 

8.  Maize  oil.  Ill — crude 0.926  122.4  i-68  9419  9434 

9.  Cottonseed,  I — prime  yellow •  •  0.920  102.5  0.20  9396  941 1 

10.  Cottonseed,  II — choice  yellow  0.921      106.4        0.32        9401        9416 

11.  Cottonseed,  III — choice  white  0.923      105.5    •    o«o8        9390       9405 

12.  Cottonseed,  IV; — crude 0.927      103.2        2.28        9397        9412 
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Heat  of  com- 
. .  bustion  per  ffram. 

Speafic     Iodine  . >-— » 

graviiy    absorp-   Free  acid  Constant   Constant 

^S'5         tion.       as  oleic,    volume,    prcamire. 

Vo.  Deacription  of  oil.  15.5      Per  cent.  Per  cent.  Calories.    Calories. 

15.  Cottonseed,  V— crude 0.927  ...          ...  9336  9351 

14.  Cottcmseed,  VI — ^rather old..  •.  0.929  100. i  0.92  9323  9338 

15.  Cottonseed,  VII— old 0.941  93.7  2.03  9168  9183 

16.  Sesame 0.924  105.3  i-^S  9395  9410 

17.  Rapeseed,   1 0.922  107.4  0.82  9489  9504 

18.  Rapeseed,    II 0.920  108.6  0.68  9462  9477 

19.  Rapeseed,  III 0.926  99.3  2.94  9412  9427 

20.  Castor,  1 0.967  84.1  0.26  8863  8877 

21.  Castor,  II 0.964  86.9  2.18  8835  8849 

32.  Peanut  (arachis)   0.917  105.9  0.16  9412  9427 

23.  Almond,  1 0.919  98.1  5.13  9454  9469 

34.  Almond,  II 0.931  89.8  7.00  9311  9326 

25.  01ive,I 0.917       85.1        2.51       9457       9472 

26.  Olive,  II 0.916       78.8        0.40       9451       9466 

37.  Menhaden,  refined 0.935         ..  0.36       9360       9375 

38.  Menhaden,  crude 0.934         ..  1.92       9371       9386 

29.  Cod-liver,  fresh 0.927  165.6  0.56  9437  9452 

30.  Cod-liver,  old 0.938  137.3  1.50  9277  9292 

31.  Whale 0.924  126.6  0.60  9473  9488 

32.  Lard  oil,  I — 1900 0.917  74.3  0.74  9451  9466 

33.  Lard  oil,  II— 1899 0.919  72.5  1.25  9447  9462 

34.  Laid  oil.  Ill 0.922  72.9  2.64  9394  9409 

35.  Lard  oil,  IV 0.924  69.3  2.34  9372  9387 

^,  Sperm  oil 0.886  78.7  0.78  9946  9964 

37.  Rosin  oil 0.989  76.9  14.40  10145  10159 

38.  Lubricating  petroleum,  I 0.881  ...  ...  10797  10819 

39.  Lubricating  petroleum,  II ... .  0.897  ...  ...  10753  10775 

40.  Lubricating  petroleum,  III  ...  0.905  . .  •  > .  •  10682  10704 

It  will  be  seen  that  the  sperm,  rosin,  and  mineral  oils  are  con- 
siderably higher  in  calorific  value  than  the  fatty  oils  and  that 
among  the  latter  the  values  are  slightly  higher  for  the  non-drying 
than  for  the  drying  oils.  Castor  oil  shows  an  exceptionally  low 
value,  due  doubtless  to  the  presence  of  ricinolein  instead  of  olein 
as  the  principal  constituent.  Boiled  linseed  oil  shows  a  similar 
low  heat  of  combustion.  The  **  choice  summer-white  "  cotton- 
seed oil  does  not  seem  to  have  been  appreciably  affected  in  iodine 
absorption  or  heat  of  combustion  by  the  special  refining  process 
to  which  it  has  been  subjected. 

The  samples  which  are  known  to  be  old  and  whose  specific 
gravities  are  high  and  iodine  figures  low,  have  in  all  cases  given 
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rather  low  heats  of  combustion.  The  variations  of  the  latter 
value  are  evidently  more  closely  related  to  those  of  specific 
gravity  than  to  those  of  iodine  absorption  or  acidity. 

Oxidation  induced  by  the  action  of  light  and  air  seems  to  have 
lowered  the  heat  of  combustion  to  almost  the  same  extent  that 
the  specific  gravity  is  raised,  so  that  for  oils  of  a  given  variety 
the  product  of  these  values  is  practically  a  constant  unaffected  by 
age  and  exposure.  In  the  cases  examined,  this  product  is  slightly 
higher  for  the  drying  than  for  the  non-drying  oils  though  the 
difference  is  necessarily  less  than  that  between  the  specific 
gravities.  Among  the  ordinary  fatty  oils  examined,  the  value 
of  this  product  (large  calories  per  gram  X  specific  gravity  at 
i5«5°)  ranged  from  8.80  in  the  case  of  raw  linseed  oil,  II,  to  8.65 
in  the  case  of  the  peanut  oil.  Castor  and  boiled  linseed  oils  show 
somewhat  lower  values. 

As  compared  with  the  ordinary  fatty  oils,  this  product  is 
slightly  higher  for  the  sperm  oil  and  considerably  higher  for  the 
mineral  and  rosin  oils. 

By  dividing  the  heat  of  combustion  by  the  specific  gravity,  a 
value  is  obtained  which  ranges  from  lo.o  to  10.3  in  the  fresh 
fatty  oils  examined  (though  lower  in  case  oxidation  has  taken 
place)  and  is  considerably  higher  in  sperm  oil  and  mineral  oils 
(in  the  cases  examined  11.2  for  sperm  oil  and  11.8  to  12.3 
for  the  mineral  oils). 

Thus,  it  would  appear  that  a  determination  of  heat  of  com- 
bustion (which  can  be  accomplished  in  forty  to  fifty  minutes), 
especially  when  considered  in  relation  to  the  specific  gravity,  may 
be  of  value  in  the  detection  of  mineral  or  rosin  oils  in  fatty  oils, 
or  of  fatty  oils  in  sperm  oil. 

Further  experiments  are  now  being  made  upon  the  relation  of 
the  specific  gravity  and  heat  of  combustion  with  special  reference 
to  the  effects  of  exposure  to  light  and  air.  We  hope  to  discuss 
later  the  more  detailed  applications  of  this  method  of  studying 
the  fixed  oils,  and,  if  possible,  to  extend  it  to  the  examination  of 
essential  oils. 

Quantitative  Laboratory. 
February,  1901. 


[Contribution  from  thk  Laboratory  of  The  United  Gas  Improve- 
ment Co.] 

THE  QUANTITATIVE  ESTIHATION  OF   MYDROQEN   SUL- 
PHIDE IN  ILLUniNATINQ  QAS. 

By  C.  C.  Tutwiler. 
Received  February  ao,  1901. 

IN  the  manufacture  of  illuminating  gas  the  importance  of 
tracing  the  successive  stages  of  purification  of  the  crude  gas 
from  the  time  it  leaves  the  retorts  or  water  gas  machine  until  it 
passes  the  purifiers  is  obvious,  as  by  this  means  alone  is  it  pos- 
sible to  determine  the  eflBciency  of  the  purifying  plant  and  of  the 
character  of  the  raw  material  used,  as  well  as  the  purity  of  the 
finished  product.  Tests  on  the  purified  gas  are  generally  quali- 
tative and  are  all  that  is  necessary,  as  in  most  cities  perfect 
freedom  from  obnoxious  constituents  is  required  by  legislative 
enactment.  This  is  particularly  true  of  hydrogen  sulphide  on 
account  of  its  exceedingly  injurious  products  of  combustion.  The 
usual  qualitative  test  for  this  impurity  consists  in  allowing  the 
gas  to  be  tested,  to  impinge  upon  a  piece  of  moist  lead  acetate 
paper  for  a  few  minutes,  any  discoloration  showing  the  presence 
of  hydrogen  sulphide.  It  is,  however,  of  great  importance  at 
times  to  know  the  exact  hydrogen  sulphide  content  of  the  unpuri- 
fied  or  partly  purified  gas  in  order  to  ascertain  the  condition  of 
the  purifiers  and  the  eflSciency  of  the  purifying  material  used. 
Where  boxes  are  run  in  parallel  it  presents  a  ready  means  of  as- 
certaining whether  the  work  to  be  accomplished  is  equally  distrib- 
uted or  is  being  done  wholly  or  in  part  by  one  set  of  boxes.  In  order 
to  ascertain  this,  it  is  necessary  to  make  determinations  at  the 
inlet  and  outlet  of  the  purifiers,  and  to  be  of  value  they  must  be 
made  at  practically  the  same  time,  hence  the  necessity  for  a 
rapid  method  of  making  the  analysis. 

The  methods  hitherto  adopted  in  gas  works  have  proved 
unsatisfactory  on  account  of  the  slowness  of  the  usual  gravimetric 
estimations  and  the  necessary  manipulative  skill  required 
in  making  the  determinations,  besides  a  laboratory  equipment 
not  usually  possessed  by  the  smaller  plants  throughout  the  coun- 
try. It  was  to  overcome  these  difficulties  that  the  apparatus 
about  to  be  described  was  devised.     Its  action  depends  upon  the 
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well-known    reaction   between   hydrogen    sulphide   and  iodine 
according  to  the  equation 

H,S  +  I,  =  2HI  +  S, 
hydrogen  iodide  and  free  sulphur  being  formed.  Although  the 
suitableness  of  iodine  for  estimating  hydrogen  sulphide  in  illumi- 
nating gas  was  suggested  by  Bunte  many  years  ago,  it  seems 
never  to  have  come  into  general:  use,  due  possibly  to  the  great  care 
necessary  to  obtain  accurate  results  with  a  Bunte  burette.     The 
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apparatus  used  in  The  United  Gas  Improvemfent  Company's  Works 
is  shown  in  the  accompanying  sketch.  It  consists  of  a  burette  pro- 
vided at  top  and  bottom  with  three-way  stop-cocks  and  communi- 
cating at  the  top  through  one  of  the  outlets  with  a  10  cc.  glass 
stoppered  cylinder  graduated  into  o.  i  cc.     There  are  only  two 
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graduations  on  the  stem  of  the  burette,  one  at  the  loo  cc.  mark, 
the  other,  50  mm.  from  the  bottom  stop-cock,  dividing  the  re- 
maining space  into  two  divisions  of  about  5  and  10  cc.  respectively. 
A  mercury  leveling  bulb  is  attached  to  the  lower  stop-cock  at  E, 
and  the  burette  mounted  on  a  stand  as  indicated.  When  analyses 
are  to  be  made  on  crude  gas  a  tar-arrester  consisting  of  a  wash- 
bottle  containing  cotton  is  placed  between  the  gas  supply  and  the 
burette.     The  manner  of  using  the  burette  is  as  follows  : 

Turn  both  stop-cocks  so  that  A  and  £  communicate  with  the 
interior  of  the  burette.  Connect  gas  supply  to  A,  or  to  M,  if 
testing  crude  gas,  and  let  gas  flow  through  the  burette  and 
out  at  E  for  a  few  minutes,  thereby  displacing  the  air  by  the 
gas  to  be  tested  for  hydrogen  sulphide.  Close  the  bottom  of  the 
burette  by  turning  G  so  that  E  communicates  with  D.  Close  F 
and  disconnect  from  the  gas  supply  at  A.  Allow  the  burette  to 
stand  for  a  few  minutes  until  the  gas  reaches  the  temperature  of 
the  surrounding  atmosphere,  which  should  be  noted.  Attach  lev- 
eling bulb  tube  to  E  and  raise  the  mercury  bulb  until  the  mercury 
passes  into  the  stop-cock,  G,  thus  removing  air  from  the  rubber  tube 
and  E.  Turn  the  cock  so  that  E  communicates  with  the  interior  of 
the  burette,  and  bring  the  mercury  up  to  the  100  cc.  mark, 
thereby  compressing  the  gas  in  the  burette.  Close  the  lower  stop- 
cock and  open  B  to  A  momentarily,  in  order  to  bring  the  gas  in 
the  burette  to  atmospheric  pressure.  Open  B  to  E  and  draw  the 
mercury  back  to  G,  closing  the  stop-cock  by  turning  so  that  E 
communicates  with  D.  We  now  have  100  cc.  of  gas  measured  at 
atmospheric  temperature  and  pressure,  under  a  negative  pressure. 
Place  the  clip  on  the  rubber  tube  and  remove  the  same  from  E. 
Take  the  burette  from  the  stand  and  by  opening  B  to  A  allow  the 
partial  vacuum  to  draw  into  the  burette  about  5  cc.  of  starch 
solution  from  a  portion  contained  in  a  small  beaker.  Close  the 
cock  and  fill  the  graduate  with  a  standard  iodine  solution,  noting 
the  reading.  Admit  the  iodine  solution  into  the  burette,  gradually 
shaking  between  each  addition  of  three  or  four  drops.  Continue 
until  the  starch  paste  assumes  a  permanent  blue  color.  Note  the 
reading  on  the  graduate  which,  subtracted  from  the  previous  read- 
ing, gives  the  amotmt  of  solution  used.  This,  being  multiplied 
by  the  number  of  grains  i  cc.  iodine  solution  is  equivalent  to, 
gives  directly  grains  H,S  per  100  cubic  feet. 
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Suppose,  therefore,  that  5.2  cc.  of  iodine  were  reqtdred  to  give 
the  blue  color  and  i  cc.  =  100  grains,  then  the  amount  of  hydro- 
gen sulphide  would  be  5.2  X  100  =  520  grains  per  100  cubic  feet. 

The  strength  of  the  iodine  solution  used  is  generally  such  that 
I  cc.  contains  0.0017076  gram  of  iodine  per  cubic  centimeter. 
One  cubic  centimeter  of  this  w411  then  be  equivalent  to  100  grains 
H,S  per  100  cubic  feet  of  gas. 

Precautions. — The  following  precautions  ar^  necessary  : 

(1)  For  very  accurate  work,  the  starch  solution  should  be 
previously  treated  with  just  enough  iodine  solution  to  color  it 
faintly. 

(2)  The  blue  color  must  not  be  confused  with  the  opalescent 
milky  appearance  given  to  the  solution  by  the  separation  of  free 
sulphur. 

(3)  For  very  accurate  work,  introduce  correction  for  tem- 
perature and  pressure,  bringing  the  gas  to  60°  F.  and  thirty 
inches. 

Extended  use  of  the  burette  in  our  works  has  established  its 
value  beyond  question  as  a  quick  and  accurate  substitute  for  the 
older  methods.  Very  little  skill  is  required  in  handling  the  appara- 
tus, no  more  than  can  be  acquired  in  a  short  time  by  any  one  of 
average  intelligence.  It  will  readily  be  seen  that  any  variation  in 
the  strength  of  the  iodine  solution  introduces  no  error  in 
a  determination  of  the  percentage  of  impurity  removed  by  a  given 
purifier  ;  for  example,  if  it  was  found  that  single  tests  of  the  gas, 
before  and  after  leaving  a  purifier,  showed  500  and  400  grains  of 
hydrogen  sulphide  per  100  feet  respectively,  assuming  that  i  cc.  of 
the  iodine  solution  is  equivalent  to  100  grains,  then  the  effi- 
ciency of  the  purifier  is  20  per  cent. ;  that  is,  it  is  removing  20  per 
cent,  of  the  total  hydrogen  sulphide  impurity.  If  a  subsequent 
examination  of  the  iodine  solution  showed  that  i  cc.  was  equiva- 
lent to  1 10  grains  of  H^S,  the  calculations  on  this  basis  would 
still  show  that  the  purifier  was  taking  out  20  per  cent,  of  the 
hydrogen  sulphide  in  the  gas,  for  instead  of  there  having  been 
500  grains  in  the  inlet  gas,  there  would  actually  have  been  550, 
and  the  outlet  gas  would  have  had  440,  no  grains  having  been 
removed  or  20  per  cent,  of  total  content  as  before.  Errors  of 
manipulation  common  to  both  determinations  are  also  eliminated. 
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Note. — Since  the  above  article  was  admitted  for  publication,  a 
paper  has  been  read  by  Mr.  Carroll  Miller,  of  Newark,  before  the 
New  England  Association  of  Gas  Engineers,^  giving  in  detail 
results  of  experiments  on  purification  conducted  with  this 
apparatus.  The  employment  of  starch  paste  solution  instead  of 
mercury  in  taking  the  sample,  is  perhaps  an  advantage,  as  it  is 
easier  to  handle  and  does  away  with  the  necessity  in  very  exact 
work  for  drying  out  the  burette  after  each  determination.  In 
using  starch  paste  solution  the  burette  is  previously  filled  with  the 
same,  and  the  sample  of  gas  taken  by  allowing  the  liquid  to  run 
out  down  to  the  loo  cc.  mark,  having  previously  purged  the 
connecting  hose  with  the  gas  to  be  analyzed.  A  question  as  to 
the  accuracy  of  the  apparatus  brought  from  Mr.  Miller  the 
opinion  that  15  grains  of  hydrogen  sulphide  per  hundred  feet  of 
gas  could  escape  detection.  Before  the  apparatus  was  put  on  the 
market  it  was  tested  and  found  to  be  susceptible  to  as  small  a 
quantity  as  3  grains  per  one  hundred  feet. 


ON  TRITOLYLCHLORMETHANE. 

By  M.  Gombero  and  O.  W.  Vordisch. 

Received  January  i8    190T. 

ONE  of  us'  published  recently  a  method  for  the  preparation 
of  triphenylchlormethane.  We  have  tried  the  same  reac. 
tion  on  toluene  and  find  that  the  corresponding  tritolyl  compound 
can  be  obtained  in  this  way.  As  the  action  of  aluminum  chlo- 
ride upon  a  mixture  of  carbon  tetrachloride  and  toluene  was 
rather  energetic  we  added,  as  is  customary,  a  large  excess  of  car- 
bon disulphide  in  order  to  lower  as  much  as  possible  the  tempera- 
ture of  the  reaction  and  to  prevent  the  splitting  oflF  of  the  methyl 
groups.  The  yield  of  the  tritolylchloride  was  in  this  way  increased , 
but  is  still  far  from  satisfactory.  The  compound  was  purified 
similarly  to  the  triphenyl  derivative.  Sixty-two  grams  of  carbon 
tetrachloride,  loo  grams  toluene,  150  cc.  carbon  disulphide,  and 
85  grams  aluminum  chloride,  give  about  22  grams  of  the  chloride 
derivative,  as  we  found  from  ten  trials  of  this  reaction. 

Calculated  for  Found. 

(CeH4CHa)8CCl.  I.  II. 

Chlorine  r 11.08  9.93        10.85 

1  See  American  Gas  Light  Journal^  74,  No.  9,  p.  325. 
>  This  Journal,  aa,  752. 
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On  boiling  with  alcohol  the  tritolylchlormethane  gives  the 
ethoxy  compound,  which  can  be  easily  purified  by  recrystalliza- 
tion  from  alcohol.     Melting-point,  105°  C. 

Calculated  for 
(C«H4CH,)aC.OC«H6.     Found. 

Carbon 87.27  86.63 

Hydrogen 7.88  7.66 

On  boiling  with  water  the  carbinol  is  formed.  This  work  will 
be  continued,  and  the  action  of  metals  upon  the^  halogen  com- 
pound will  be  studied. 

University  op  Michigan, 
Chbmical  I«abora.tory, 
January  9,  1901. 
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THE  FOURTH  INTERNATIONAL  CONGRESS  OF 

APPLIED  CHEMISTRY.' 

The  grand  amphitheater  of  the  Sorbonne  has  seen  many  notable 
assemblages  of  scientific  men,  but  probably  the  most  distinguished 
body  of  chemists  that  its  walls  ever  enclosed  was  that  which  met 
on  the  23rd  of  July,  1900,  to  assist  in  the  opening  of  the  Fourth 
International  Congress  of  Applied  Chemistry. 

This  organization  of  chemists  had  its  real  origin  during  the 
World's  Fair,  when  the  chemists  of  the  United  States  invited 
their  professional  brethren  from  all  parts  of  the  world  to  meet 
them  in  an  international  congress,  which  convened  in  Chicago, 
in  1893,  under  the  auspices  of  the  American  Chemical  Society, 
and  the  chemical  section  of  the  American  Association  for  the  Ad- 
vancement of  Science.  In  the  address  of  welcome  to  this  con- 
gress, I  said  : 

*  *  Chemistrj'^  is  truly  cosmopolitan.  There  is  no  one  country 
that  can  claim  it  entirely,  either  by  birth  or  adoption,  Wurtz  to 
the  contrary  notwithstanding.  It  is  therefore  entirely  fit  and 
proper  that  the  chemists  of  all  nations  should  now  and  then  meet 
on  common  terms  for  the  sake  of  mutually  profiting  by  the 
advances  and  discoveries  that  each  has  made.  I  believe  that 
there  will  be  brought  before  the  present  congress  a  proposal  for 
the  regular  triennial  meeting  of  the  chemists  of  the  world,  after 
the  plan  which  has  been  followed  so  successfully  by  our  brethren, 
the  geologists  and  physicians.  Were  the  object  of  such  a  con- 
gress only  to  listen  to  papers  and  addresses  pertaining  to  the  prog- 
ress and  development  of  our  science,  it  might  well  be  asked 

!^  ^  Read  before  the  Northeastern  Section  of  the  American  Chemical  Society,  January  17, 
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whether  such  conventions  are  useful.  The  chemical  journals  of 
to-day  fully  cover  the  whole  field  of  chemical  activity,  and  thus 
even  in  the  most  remote  mining  camp  the  chemist  and  assayer 
may  be  fully  en  rapport  with  his  fellows,  the  world  over.  But  the 
objects  of  our  congress  are  wider  than  the  mere  listening  to  papers. 
The  chemist  is  a  social  being,  and  there  is  a  life  outside  of  the 
laboratory  as  beautiful  and  useful  as  the  life  within.  The  nar- 
rowness of  an  idea,  and  the  flattening  of  isolation  are  to  be  avoided 
as  the  purpose  of  an  investigation  is  to  be  pursued.  The  highest 
culture  is  not  found  in  books,  but  in  men.  The  power  and 
splendor  of  a  great  and  old  university  are  not  alone  in  its  libra- 
ries and  professors.  There  is  a  subtle  influence  of  association 
that  does  more,  often,  than  the  lecture  room  to  develop  mind  and 
mold  character.  And  thus  to  widen  his  horizon  and  broaden  his 
views  the  chemist  must  leave  his  desk  and  seek  the  acquaintance 
of  his  fellows.  Every  time  you  take  a  brother  chemist  by  the 
hand  you  enlarge  your  life  and  extend  your  strength,  and  the 
farther  apart  the  field  of  your  activities,  the  greater  the  benefit.*' 

The  congress  of  chemists  at  Chicago  contained  representatives 
from  almost  every  civilized  country,  and  the  fruit  of  this  confer- 
ence, the  first  international  conference  of  chemistry  ever  held, 
was  manifested  in  the  following  year  by  a  call  issued  for  a  con- 
gress of  applied  chemistry  to  meet  at  Brussels.  The  Brussels 
congress  decided  to  hold  the  next  meeting  in  Paris,  and  the 
Second  International  Congress  of  Applied  Chemistry  convened 
at  the  Sorbonne,  the  latter  part  of  July,  1896.  It  was  my  good 
fortune  to  attend  this  meeting,  as  well  as  the  meeting  of  the  third 
congress  which  convened  in  Vienna,  in  July  and  August,  1898. 
Reports  of  the  proceedings  of  both  these  congresses  were  pub- 
lished in  the  Journal  of  the  American  Chemical  Society. 

The  Vienna  congress  decided  to  have  its  fourth  meeting  in  Paris, 
in  1900,  on  account  of  the  World's  Fair  which  would  be  likely  to 
bring  together  a  larger  number  of  representative  chemists  than 
could  be  collected  in  any  other  quarter  at  that  time. 

The  functions  attending  the  opening  and  closing  of  scientific 
congresses  in  Europe  are  somewhat  more  elaborate  than  we  are 
accusiotned  to  in  democratic  America.  Evening  dress  and  uni- 
forms representing  offices  in  civil  life  are  not  found  in  scientific 
functions  in  this  country  before  6  o'clock.  Quite  otherwise  in 
Europe  where  the  evening  coat  and  the  uniform  of  any  learned 
body  to  which  the  member  may  belong  are  en  regie  even  for 
morning  functions. 

The  Fourth  International  Congress  of  Applied  Chemistry  was 
opened  by  Mr.  Moissan,  the  president  of  the  Committee  of  Organ- 
ization.    He  said,  in  part : 

"Gentlemen:  I  declare  open  the  Fourth  International  Con- 
gress of  Applied  Chemistry.     The  first  words  which  we  pro- 
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nounce  to-day  in  the  grand  amphitheater  of  the  University  of 
Paris,  should  be  words  of  thanks  addressed  to  the  bureau  of  the 
Vienna  congress.  We  have  not  forgotten  the  charming  fashion 
with  which  we  were  received  in  the  capital  of  the  Austro-Hun- 
garian  Empire.  Nor  have  we  forgotten  that  the  members  of  the 
last  congress  decided  to  meet  here  again  by  reason  of  the  universal 
exposition  which  closes  the  19th  century.  Gentlemen,  you  have 
not  forgotten  the  date  fixed.  You  have  come  in  great  numbers. 
We  thank  you,  and  we  will  do  our  best  to  do  the  honors  of  the 
city,  and  of  that  exposition  which  your  own  efforts  have  rendered 
worthy  of  the  progress  of  science,  and  of  industry.  These  con- 
gresses have  opponents.  Many  see  in  them  only  occasions  for 
excursions  and  banquets,,  more  or  less  repeated.  When  I  think 
that  we  have,  during  the  exposition,  127  congresses  regularly 
organized,  in  the  warmest  months  of  the  year,  I  desire  to  class 
myself  among  the  opponents  of  whom  I  have  just  spoken,  but 
when  I  meet  among  this  crowd  of  chemists,  which  fills  our  new 
Sorbonne,  already  too  small,  the  smiling  countenance  of  a  friend 
from  America,  or  of  a  delegate  already  known  in  the  preceding 
congresses,  I  am  happy  to  exchange  my  ideas,  and  class  myself 
with  those  who  rally  to  the  support  of  the  127  congresses  of  our 
universal  exposition, 

"I  will  add  that  these  congresse  sought  to  have  their  immediate 
utility.  Many  economic  questions,  of  which  certain  ones  are  vital 
for  industry,  can  be  studied  by  you  with  care  and  afterwards  sub- 
mitted to  the  different  governments  represented.  The  continuity 
of  your  efforts  in  successive  congresses  must  lead  to  useful  solu- 
tions. The  attention  with  which  the  different  governments  fol- 
low your  congresses  is  a  sure  guarantee  to  you  of  the  interest 
which  the  public  authorities  bear  you. 

'  *  Gentlemen ,  I  cannot  terminate  these  few  words  without  address- 
ing our  best  thanks  to  the  French  Government  which  has  taken 
our  congress  under  its  patronage,  and  to  the  president  of  the 
republic  who  has  honored  us  by  being  oflBcially  represented  at 
this  opening  meeting.  I  am  also  to  thank  the  ministers  who,  not 
content  with  sending  us  official  delegates,  have  for  two  years 
done  all  in  their  power  to  aid  our  work." 

M.  Moissan  then  thanked  the  ministers  by  name,  and  also  the 
learned  societies,  and  the  foreign  governments,  and  the  foreign 
learned  societies  which  had  sent  delegates,  and  closed  his  address 
in  the  following  words  : 

*'  Gentlemen,  our  dear  president  of  honor,  M.  Marcellin  Ber- 
thelot,  on  account  of  a  slight  indisposition  from  which  he  has 
suffered  for  several  days,  we  have  begged  in  your  name  not  to 
expose  himself  to  the  fatigue  of  this  first  reunion,  and  if  you  will 
kindly  permit  me  I  will  read  the  discourse  which  he  has  pre- 
pared." 
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The  address  of  M.  Berthelot,  read  by  President  Moissan,  was 
of  the  greatest  interest.     He  said  in  part : 

**  Gentlemen  :  I  bid  you  welcome  in  the  name  of  France  and  of 
the  Republic.  You  have  come  from  all  parts  of  the  world  to 
show  your  works  at  the  exposition  of  1900,  and  to  participate 
in  that  universal  competition  of  ail  the  industries  in  that  pacific 
contest  of  all  the  people  for  the  honor  and  the  profit  of  the  human 
race.'' 

M.  Berthelot  next  called  attention  to  the  fact  that  chemistry 
was  the  most  important  of  the  sciences  which  were  to  work  for 
the  good  of  the  human  race  in  the  coming  century  ;  that  it  did 
not  belong  to  any  continent,  neither  to  Europe  nor  America  ;  nor 
to  any  country  ;  neither  to  Germany,  nor  to  France,  nor  to  Eng- 
land, but  it  was  the  common  heritage  of  all  mankind.  He  also 
developed  the  fact  that  chemistry  owed  little  to  the  remote  past, 
that  it  is  essentially  a  modem  science  which  had  borrowed  but 
little  from  the  alchemy  and  necromancy  of  the  middle  ages. 
"  Let  us  guard  then,**  he  said,  **  the  belief  that  chemistry  is  the 
one  work  purely  modem.  In  reality,  it  belongs  to  the  years 
which  have  recently  passed.  Allow  me  also  to  retrace  some  of 
the  grand  historic  steps  of  the  general  methods  of  chemistry  and 
of  their  progress.'* 

Perhaps  no  living  chemist  is  better  able  to  give  in  a  brief  review 
the  chief  characteristics  of  chemical  science  than  M.  Berthelot. 
He  began  his  historic  account  by  references  to  the  chemical  arts 
practiced  in  Ancient  Egypt,  especiallj-  in  metallurgy.  He  called 
attention  to  the  fact  that  the  science  of  antiquity  became  also  that 
of  the  modem  age,  transmitted  in  part  directly  by  the  technical 
traditions  of  the  workshops  and  in  part  by  the  Syrians  and  Arabs. 

It  was  in  the  central  part  of  Europe,  in  the  13th  and  14th  cen- 
turies, that  there  was  noticed  the  first  assumption  of  the  scien- 
tific spirit  in  its  industrial  initiative.  It  was  at  this  time  that  new 
chemical  methods  made  their  appearance.  The  manufacture  of 
metals  was  perfected,  leading  to  the  construction  of  powerful 
machines  for  war  and  for  industry.  The  use  of  saltpeter  in  the 
manufacture  of  Greek  fire,  and  of  powder,  created  a  revolution  in 
modem  warfare.  The  knowledge,  which  then  became  general, 
of  fermentation  and  distillation  led  to  the  manufacture  of  alcohol 
on  a  scale  sufficient  to  be  used  in  the  arts.  Many  of  the  essential 
oils  of  plants  were  also  discovered  about  this  time,  and  nitric,  sul- 
phuric, and  hydrochloric  adds  became  established  objects  of  manu- 
facture. 

I  could  not  give  here  even  a  synopsis  of  the  rest  of  the  address 
of  M.  Berthelot,  bringing,  by  brief  references  to  the  principal 
steps  of  progress,  the  science  of  chemistry  down  to  the  present 
time.  One  point,  especially,  in  speaking  of  the  employment  of 
fuels,  is  worthy  of  particular  notice  here.     He  said : 
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*'  It  is  thus  seen  that  the  employment  of  carbon,  and  of  oil,  the 
old  generators  of  chemical  energy,  by  reason  of  the  heat  disen- 
gaged by  their  union  with  the  oxygen  of  the  air,  shows  a  ten- 
dency to-day  to  be  replaced  by  the  energy  obtained  by  the  fall  of 
water,  energy  purely  mechanical ;  but  coal  and  oil  exist  in  limited 
quantities  which  are  exhaustible  while  the  falls  of  water  are  not 
so,  because  they  are  derived  from  the  energy  borrowed  from  the 
sun,  an  energy  of  which  the  human  race  will  never  see  the  end." 

He  closed  his  address  in  the  following  words  : 

' '  Better  than  mysterious  mag^c,  better  than  the  antique  faith, 
modem  science  lifts  the  mountains  and  realizes  dreams  and  mira- 
cles. It  creates  without  cessation  riches  which  cannot  be  taken 
from  anyone  by  force  or  by  stratagem.  It  tends  thus  to  the 
equalization  of  fortunes  by  the  universal  increase  of  capital,  and 
the  equalization  of  intelligence  by  incessant  publication,  liberal 
and  disinterested,  of  the  discoveries  of  learned  men,  and  especially 
by  the  general  elevation  of  public  instruction  and  of  workers. 
The  hatred  among  men,  peoples,  and  individuals  is  bom  of  igno- 
rance and  egoism,  but  science  exerts  itself  without  relaxation  to 
diminish  that  because  it  belongs  neither  to  a  private  personality 
nor  to  a  particular  nation.  It  teaches  us  that  all  are  citizens  of 
the  same  country,  that  all  the  civilized  people  of  the  world  are 
united.  Science  has  no  nationality.  It  is  as  well  German,  Eng- 
lish, Italian,  Russian,  Japanese,  as  French.  It  is  progressive 
among  small  nations  as  well  as  among  large.  Each  one  brings 
its  contribution  to  the  common  work.  This  is  the  reason,  I 
repeat,  that  all  civilized  peoples  are  united.  Every  loss  suflFered 
or  inflicted  upon  one  of  them  is  a  loss  for  all  humanity,  a  loss  at 
the  same  time  material,  on  account  of  the  destruction  oiF  existing 
values,  and  a  loss  moral  by  the  weakening  of  the  necessary 
bond  which  attaches  men  to  one  another.  When  these  truths 
shall  be  tried  by  all,  and  shall  have  penetrated  the  minds  in  the 
most  elevated  social  layers  of  the  aristocracy  as  well  as  the  most 
fundamental  layers  of  democracy,  we  will  have  understood  that 
the  true  law  of  human  interests  is  not  a  law  of  conflict  and  of 
egoism,  but  a  law  of  love.  This  is  how  the  science  which  brings 
us  together  to-day  in  this  environment  proclaims  as  the  final  end 
of  its  instruction,  universal  solidarity  and  fraternity.'* 

After  the  address  of  M.  Berthelot,  M.  Dupont,  the  secretary- 
general,  read  his  report  as  secretary  of  the  Committee  of  Organ- 
ization. The  congress  then  proceeded  to  the  formal  election  of 
officers,  choosing  M.  Berthelot  as  president  of  honor,  M.  Moissan, 
as  president,  and  a  list  of  vice-presidents  representing  different 
countries  having  delegates  in  the  congress.  For  the  United 
States,  the  vice-presidents  chosen  were  Messrs.  Doremus,  Rising, 
Chandler,  Clarke,  and  Wiley.  Among  the  vice-presidents  of  Ger- 
many were  Messrs.  Fischer,  Maercker,  and  Herzfeld  ;  from  Italy, 
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Cannizzaro  and  Piutti ;  from  Switzerland,  Lunge ;  from  Russia, 
Mendel^ef  ;  from  Austria,  Strohmer  and  Liebermann  ;  from  Bel- 
gium, Sachs ;  from  Eg^'pt.  Ventre-Pasha  ;  from  England,  Thorpe; 
and  from  Greece,  Christomanos. 

At  2  o'clock  in  the  afternoon  the  various  sections  met  for 
organization.     The  organization  was  completed  as  follows  : 

Section  i. — Analytical  Chemistry  ;  president:  M.  Muntz  ;  and 
presidents  of  honor  :  MM.  Lunge  and  Clarke. 

Section  2. — Industrial  Chemistry  of  Inorganic  Products  ;  pres- 
ident :  M.  Etard. 

Section  3. — Metallurgy,  Mines  and  Explosives  ;  president :  M, 
Adolf  Camot. 

Section  4. — Industrial  Chemistry  of  Organic  Products ;  pres- 
ident :  Lindet. 

Section  6, — ^The  Chemical  Industry  of  Fermentations  ;   presi- 
dent: M.  Durin. 
Section  7. — Agricultural  Chemistry  ;  president :  M.  Deh^rain. 
Section  8. — Hygiene  and  Medical  Chemistry,  and  Chemistry 
of  Food  Adulteration  ;  president :  M.  Riche. 
Section  9. — Photography  ;  president :  M.  Janssen. 
Section  10. — Electrochemistry  ;  president:  M.  Moissan. 
At  4.30  o'clock,  M.  Leygues,  minister  of  public  instruction  and 
beaux- arts,  received  the  members  of  the  congress  at  the  Sorbonne, 
where  a  lunch  was  prepared  in  their  honor.     M.  Leygues  made 
a  happy  address  which  was  warmly  applauded. 

The  rest  of  the  day  was  devoted  to  a  visit  to  the  new  labora- 
tories of  the  Sorbonne  which  have  lately  been  completely  recon- 
structed. The  laboratories  especially  visited  were  those  of  Troost, 
Haller,  and  Lippmann.  In  the  laboratory  of  Lippmann  were 
found  many  of  the  interesting  color  photographs,  which  he  has 
made  by  means  of  an  invention  he  has  perfected  of  depositing  in 
the  original  negative  successive  films  of  silver  having  a  definite 
relation  to  the  wave-length  of  various  rays.  When  these  nega- 
tives are  viewed  by  reflected  light,  the  various  colors  are  repro- 
duced corresponding  to  the  wave-lengths  employed  in  the  deposi- 
tion of  the  superimposed  silver  films.  The  method  of  producing 
these  photographs  has  already  been  described  in  sufficient  detail, 
but  I  may  say  here  that  the  principle  consists  in  placing  back  of 
the  plate,  which  should  be  transparent,  on  which  the  negative  is 
to  be  made,  a  film  of  mercury  which,  by  the  reflection  of  the 
transmitted  rays,  produces  the  interference  necessary  to  secure  the 
deposition  of  the  superimposed  silver  films. 

The  modem  appliances  for  increased  laboratory  facilities  were 
carefully  studied  by  the  members  of  the  congress,  who  were 
received  in  all  parts  of  the  building,  by  the  professors  and  their 
assistants,  the  greatest  courtesy  and  willingness  to  answer  all  in- 
quiries being  shown. 
17-23 
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I  cannot  do  more  than  mention  some  of  the  most  important 
papers  presented  to  the  sections  on  the  successive  days  of  the 
meeting. 

In  Section  i,  M.  Hanriot  raised  the  question  of  the  assumption 
as  a  basis  for  the  atomic  weights  the  value  of  16  for  oxygen.  The 
discussion  of  this  point  was  engaged  in  by  many  of  the  members  of 
the  section,  including  Professor  Clarke  of  this  country.  At  the 
end  of  the  discussion,  M.  Hanriot  proposed  the  following  resolu- 
tion :  "The  congress  of  applied  chemistry,  believing  that  the 
adoption  of  the  atomic  weight  of  oxygen  as  a  basis  will  lead  to  a 
greater  stability,  and  to>  a  simplification  in  a  calculation  of  the 
atomic  weights,  wishes  to  associate  itself  with  the  workers  of  an 
international  commission."  This  resolution  was  unanimously 
adopted.  Professor  Clarke  proposed  the  fomiatiou  of  an  interna- 
tional committee,  having  for  its  object  to  indicate  to  chemists  the 
methods  which  ought  to  be  adopted,  and  the  coefficients  which 
they  ought  to  adopt  in  the  different  calculations  which  they  make. 
This  proposal  was  also  adopted  unanimously. 

M.  Krause  read  a  paper  upon  the  symbols  and  i.bbreviations 
usually  employed  in  chemistry,  in  which  he  took  the  ground  that 
the  symbols  Am  and  Cy  ought  not  to  be  employed  to  represent 
the  radicals  ammonium  and  cj'anogen,  nor  should  methyl  be  repre- 
sented by  Me.  ethyl  by  Et,  nor  phenyl  by  Ph.  He  also  claimed 
that  the  words  ester  and  ether,  should  not  be  synonymously 
employed.     It  was  voted  to  leave  that  question  for  further  study. 

M.  \''ivier  proposed  the  following  resolution  :  "  There  shall  be 
established  by  an  international  special  commission  a  table  of  chem- 
ical and  physical  constants  of  which  the  use  shall  be  obligatory 
upon  all  official  chemists  in  countries  represented  in  this  congress, 
and  upon  unofBcial  chemists  in  cases  where  they  shall  be  called 
as  experts  before  any  jurisdiction  whatever."  This  resolution 
was  also  adopted. 

In  view  of  the  fact  that  at  the  present  time  a  great  deal  of  pres- 
sure has  been  brought  to  bear  upon  our  congress  to  establish  3 
bureau  of  standards,  similar  to  the  Reichsanstalt  at  Charlotteu- 
burg,  the  report  presented  by  M.  Demichel  upon  the  graduation 
of  instruments  of  precision  is  of  great  interest.'  This  paper  and  ■ 
the  discussion  which  followed,  were  of  the  usual  character  of 
communications  relating  to  the  calibration  of  chemical  apparatus, 
and  are  too  long  for  further  notice. 

Herr  Ritter  von  Grueber  presented  to  the  section  the  work  of 
the  commission  appointed  at  the  Third  International  Congress  to 
secure  methods  of  uniformity,  for  international  use,  in  the  analysis 
of  fertilizers.  This  report  was  printed  in  English,  French,  and  Ger- 
man, and  recognized,  for  the  firsttime  in  the  Congress,  the  progress 
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which  had  been  made  in  the  United  States  in  the  analysis  of  agri- 
cultural products.  The  standard  American  authorities  are  cited  in 
this  report,  in  conjunction  with  the  standard  authorities  in  Ger- 
many and  France.  Since  the  adoption  of  the  report  pertained 
particularly  to  the  section  on  agricultural  chemistry,  no  formal 
action  was  taken  on  this  resolution  by  Section  i .  It  was  subse- 
quently presented  to  the  section  on  agricultural  chemistry,  and 
after  an  interesting  debate,  the  proposals  of  the  committee  were 
unanimously  adopted. 

A  firm  basis  has  thus  been  laid  for  international  agreement  in 
regard  to  analytical  methods  and  processes  relating  to  the  deter- 
mination of  the  essential  ingredients  of  fertilizer  materials.  This 
agreement  is  not  only  interesting  from  a  scientific  point  of  view, 
but  also  has  far-reaching  commercial  ramifications,  and  will  result 
in  bringing  into  close  touch  the  chemists  in  Europe  and  in  the 
United  States  who  have  to  do  with  imported  or  exported  fertili- 
zing materials. 

M.  Christomanos  entertained  the  section  with  an  account  of  the 
studies  which  he  had  made  of  the  transformation  of  red  phos- 
phorus into  arsenic,  under  the  influence  of  ammonium  nitrate. 
This  is  a  theme,  which  has  lately  excited  a  great  deal  of  atten- 
tion. Whether  or  not  it  be  true  that  arsenic  is  one  of  the  ele- 
ments which  forms  a  compound  heretofore  known  as  phosphorus, 
it  is  too  early  to  state.  The  intimate  relations,  however, 
which  arsenic  bears  to  phosphorus  in  all  of  its  chemical  reac- 
tions show  that  whether  or  not  the  two  substances  are  forms 
of  some  original  material  or  have  entirely  different  natures,  they 
surely  resemble  each  other  very  much  in  regard  to  their  chemical 
deportment. 

An  interesting  subject  to  our  wine-makers,  was  that  presented 
by  M.  Chuard,  of  Switzerland,  concerning  the  state  of  sulphurous 
add  in  wines,  and  the  functions  which  this  acid  performs  in  wine- 
making  and  ripening.  It  has  long  been  known  that  the  deport- 
ment of  carbonic  acid,  formed  by  natural  fermentation  in  the  bot- 
tles, as  in  the  making  of  champagne,  is  quite  different  from  that 
of  carbonic  acid  charged  artificially  into  a  still  wine.  The  study  of 
the  deportment  of  sulphurous  acid  in  wines  may  throw  some  light 
on  the  interesting  relation  which  gases  bear  to  the  liquids  when 
in  solution  under  pressure  or  otherwise. 

An  interesting  communication  was  made  by  M.  Christomanos 
in  giving  the  data  of  the  analysis  of  a  piece  of  iron  more  than 
3,000  years  old,  which  had  been  recovered  from  below  the  foun- 
dation of  the  marble  column  of  the  Acropolis  at  Athens.  M. 
Christomanos  also  showed  an  interesting  experiment  which  black- 
ened pieces  of  marble  without  danger  of  fracture,  by  means  of  the 
flame  of  metallic  magnesium  which  deoxidized  a  circumscribed 
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portion  of  the  marble  into  lime  and  set  the  carbon  free.  He 
called  the  process  "  marmocaut^re. " 

Many  interesting  papers  were  also  presented  in  Section  3. 

To  those  interested  in  the  analysis  of  food  products,  the  paper 
by  M,  Lucian  on  some  canses  of  error  in  the  employment  of  the 
bomb  calorimeter  will  prove  valuable.  If  the  oxygen  used  is 
obtained  by  electrolysis,  it  is  apt  to  be  contaminated  with  traces 
of  hydiogen,  and  it  is  not  sufficient  to  determine  the  percentage 
of  hydrogen  by  combustion  in  a  capillary  tube  of  platinum.  In 
the  combustion  of  carbonaceous  masses,  it  is  not  safe  to  assume 
that  all  the  hydrogen  which  may  be  contained  in  the  oxygen  is 
burned.  The  quantity  of  hydrogen  burned  is  a  function  of  the 
total  calories  set  at  liberty  by  the  combustion  of  the  carbon  and, 
consequently,  is  an  unknown  function.  It  is  not  possible,  there- 
fore, to  calculate  the  error  in  such  a  case  and  oxygen,  which  is 
entirely  free  from  hydrogen,  should  be  employed. 

M.  Guillet  read  an  interesting  statistical  paper  on  the  inorganic 
chemical  products  of  France,  in  which  the  quantities  of  all 
important  chemicals  manufactured  in  France  were  given. 

M,  Doremus,  although  not  present  himself,  sent  an  interesting 
paper  on  fluohydric  acid  and  the  fluorides,  in  which  he  discussed 
the  production  of  these  important  substances. 

M.  Perron  gave  an  interesting  paper  on  the  sulphuric  acid 
industry  in  which  all  the  modem  improvements  were,  described. 
This  paper  was  ably  discussed  by  M.  Lunge,  who  is  recognized 
as  the  highest  authority  in  the  world  on  sulphuric  acid  produc- 
tion. 

M.  Boudouard  gave  an  exhibition  of  the  different  pyrometric 
methods  which  are  used  for  high  temperatures.  Eight  different 
kinds  were  described  in  detail. 

M.  Bloche  gave  an  historical  and  technical  paper  on  the  produc- 
tion of  barium  and  hydrogen  peroxide  containing  extremely 
useful  information  to  those  engaged  in  those  industries  or  using 
their  products.  The  amount  of  barium  peroxide  produced  in 
France,  i.s  about  looo  tons  annually,  and  the  hydrogen  perox- 
ide manufactured  amounts  to  from  2000  to  3000  tons.  The  chief 
uses  of  hydrogen  peroxide  are  for  antiseptic  purposes  and  for 
bleaching. 

In  Section  3,  M.  Pellet  gave  the  results  of  his  study  of  the 
estimation  of  sulphur  in  minerals,  coals,  bitumens,  and  rubber. 
The  principle  adopted  is  the  following  :  The  sulphur  and  the 
organic  matter  are  oxidized  by  fusion  with  a  sufficient  quantity 
of  potassium  nitrate,  variable  with  the  quality  of  the  substance 
analyzed.  Some  pure  sodium  carbonate  is  added,  in  quantity 
usually  double  that  of  the  nitrate,  to  moderate  the  action  of  the 
latter.  All  of  the  sulphur  passes  into  the  state  of  neutral  sul- 
phate or  of  soluble   alkaline   sulphate.      The   melted   mass  is 
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treated,  over  a  flame  free  of  sulphur,  as  for  instance  an  alcohol 
lamp,  by  water,  filtered,  the  filtered  liquor  acidified,  some  barium 
chloride  added,  heated,  and  again  filtered.  Thus,  the  solution  of 
the  iron,  as  in  the  case  of  pyrites,  is  avoided.  The  precipitation 
of  the  barium  sulphate  is  rapid  and  complete.  The  determina- 
tion can  be  terminated  in  less  than  an  hour. 

M.  Le  Chatelier  presented  an  elaborate  report  on  the  state  of 
our  knowledge  of  the  different  allotropic  conditions  of  iron  and 
steel. 

M.  Barthelemy  presented  a  r^sum^  of  legislation  relating  to  the 
storing  and  transportation  of  explosives  in  different  countries. 
He  dted  the  necessity  of  getting  a  special  class  of  explosives 
which  are  perfectly  safe  and  which  can  be  admitted  for  transport 
by  express  in  cases  of  urgency. 

M.  Le  Chatelier  also  presented  a  new  microscope  for  the  study 
of  materials  and  for  photographing  the  same.  The  description 
is  too  long  for  insertion  here. 

In  Section  4,  M.  Thomas  presented  a  paper  on  viscose,  a  form 
of  cellulose,  which  can  be  used  for  various  purposes,  as,  for 
instance,  sizing  paper,  decorative  painting,  adulteration  of  rubber, 
fabrication  of  thin  pellicles,  threads,  celluloid,  ethers,  acetates, 
etc. 

M.  Guillemare  stated  that  all  green  plants  digested  with  a  weak 
solution  of  caustic  soda  yielded  their  chlorophyll  in  the  form  of 
sodium  chlorophyllate,  and  for  this  reason  he  believed  that  chlo- 
rophyll should  be  known  by  the  name  of  chlorophyllic  acid. 

M.  Pierron  gave  an  account  of  the  catalytic  heating  action  of 
platinum  from  the  time  of  Humphry  Davy  to  the  present. 

M.  Arachequesne  called  attention  to  the  fiscal  regulations 
existing  in  France,  and  other  countries,  concerning  the  use  of 
alcohol  in  the  arts,  and  the  hardships  which  manufacturers  had 
to  undergo,  by  reason  of  these  regulations,  and  the  requirements 
for  denaturalization.  He  presented  some  resolutions,  which  were 
adopted,  calling  upon  the  different  governments  to  modify  their 
regulations  in  such  a  way  as  to  permit  the  use  of  pure  alcohol  in 
certain  cases,  and  where  denaturalization  was  required  to  make 
it  as  inexpensive  as  possible. 

M.  Reid  presented  numerous  specimens  of  a  product  known  as 
velvril,  intended  to  replace  rubber  and  gutta  percha  in  a  certain 
number  of  their  applications. 

M.  Ferdinand  Jean  presented  a  study  of  the  r61e  of  micro- 
organisms in  the  liquors  of  the  tannery,  and  in  skins,  and  gave 
his  experience  with  a  number  of  antiseptics. 

M.  Kostancki  gave  a  r6sum^  of  his  work  upon  vegetable  color- 
ing-matters. 

M.  Jules  Wolff  gave  results  of  the  analyses  of  the  roots  of  chic- 
ory.   The  quantity  of  inulin  amounts  to  15  per  cent,  in  the  fresh 


t,  but  the  inuliti  disappears  almost  completely  duriDg  toirefac- 

n  Section  5,  which  was  the  most  numerously  attended  of  any 
the  sections  of  the  congress,  the  papers  were  chiefly  of  a  tech- 
al  character.  Two  papers  were  read  by  delegates  from  this 
intry  in  this  section,  one  by  M.  Wiley,  showing  the  influence 
temperature  on  the  specific  rotation  of  sugar,  and  the  other  by 

Wiechmanu,  taking  the  ground  that  temperature  exerts  no 
uence  on  specific  rotation.  This  question  of  the  influence  of 
iperature  on  the  specific  rotation  was  also  discussed  before  the 
tion  by  M.  Pellat,  who  gave  an  elaborate  mathematical  discus- 
a  of  the  data  which  he  had  obtained  in  his  investigations. 
This  theme  is  particularly  interesting  to  the  members  of  the 
rtheastem  Section,  because  the  great  influence  of  temperature 
specific  rotation  was  first  pointed  out  by  Andrews  who,  at  that 
le,  was  connected  with  the  Institute  of  Technology.  The 
tter  is  of  such  importance,  both  scientifically  and  commercially, 
t  it  occupied  the  chief  part  of  the  time  of  the  International 
mmittee  on  Unification  of  Methods  of  Sugar  Analysis.  In  the 
eting  of  this  committee,  the  data  relating  to  the  influence  of 
iperature  on  polarizations  were  presented  at  length  by  M. 
ley  of  the  United  States,  and  M.  Brodhun,  of  Germany. 
e  only  advocate  of  the  stability  of  specific  rotation,  inde- 
ident.  of  temperature,  was  M.  Wiechmann  of  the  United 
.tes.  The  opinions  of  the  majority  were  embodied  in  a  reso- 
ion  which  finally  passed  the  International  Committee  with- 
;  a  dissenting  vote.  This  resolution  was  to  the  effect  that  the 
charimeter  should  be  adjusted  as  nearly  as  possible  to  a  tem- 
ature  of  20°,  but  when  this  is  not  a  convenient  temperature 

adjustment  should  be  made  at  other  temperatures  near  that 
the  usual  temperature  of  the  laboratory  where  the  polariza- 
as  are  performed  ;  and  further  that  all  polarizations  should  be 
formed  at,  or  as  nearly  as  possible,  the  temperature  at  which 

instrument  is  adjusted.  The  influence  of  temperature  on 
cific  rotation  has  now  been  so  thoroughly  worked  out  that  vve 
y  say  without  hesitation  that  the  points  established  by  Andrews 
ren  years  ago,  are  now  fully  accepted  by  practically  all  the 
estigators  of  the  world. 

,  perhaps,  in  this  connection  might  also  call  attention  to  the 
t  that  the  two  important  international  committees  on  sub- 
ts  particularly  associated  with  agriculture  have  made  more 
igress  in  their  work,  and  received  more  approval  from  the  con- 
ss  than  any  other  committees  which  have  been  appointed.  I 
ir  to  the  International  Committee  on  Methods  of  Fertilizer 
alysisandthelntemationalCommitteeon  Unification  of  Methods 
5ugar  Analysis.     While  both  of  these  committees  have  been 
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continued  for  further  work,  the  objects  for  which  they  were  estab- 
lished have  been  practically  attained,  and  the  chemists  of  the 
world  are  now  able  to  stand  on  a  common  foundation  in  two 
important  branches  of  chemical  analyses.  This  fact  shows  how 
easy  it  would  t>t  to  unite  the  methods  of  chemists  all  over  the 
world  on  all  points  connected  with  analytical  processes. 

In  Section  6,  there  was  nothing  brought  out  in  regard  to  fer- 
mentation as  interesting  as  the  paper  read  at  Vienna  by  Buchner 
on  fermentation  without  yeast. 

M.  Effront,  the  eminent  Belgian  authority,  presented  a  com- 
munication on  the  rational  use  of  antiseptics  in  the  distillery,  and 
showed  that  there  were  four  factors  to  be  considered,  viz. :  i ,  the 
quantity  of  antiseptic  necessary  to  moderate  or  arrest  the  develop- 
ment of  ferments  ;  2,  the  quantity  of  antiseptic  which  enfeebles 
the  yeast  itself ;  3,  the  quantity  to  be  used  without  enfeebling 
the  active  substance  of  the  malt ;  and  4,  the  influence  of  antisep- 
tics upon  the  malts. 

M.  Barbet  presented  a  communication  upon  the  use  of  pure 
yeast  in  the  distillery  after  sterilization,  a  subject  which  is  now 
creating  a  great  deal  of  interest.  We  are  all  familiar  doubtless 
with  the  imitations  of  the  flavors  of  wines  which  are  produced  by 
the  fermentation  of  malt  extracts  with  ferments  from  the  wine 
cellar.  The  production  of  particular  flavors  in  fermented  bever- 
ages, as  well  as  in  those  which  are  distilled,  will  doubtless  in  the 
near  future  be  controlled  at  will  by  previous  sterilization  of  the 
mass  and  the  employment  of  especially  cultivated  ferments  which 
produce  distinctive  flavors. 

Naturally,  the  section  in  which  I  was  most  interested  was  Sec- 
tion 7  on  agricultural  chemistry.  The  subjects  discussed  ranged 
from  the  character  of  the  soil  to  the  most  difficult  problems  of 
vegetable  physiology. 

M.  Deh^rain,  the  distinguished  chemist  of  the  agricultural 
station  at  Grignon,  read  a  paper  showing  the  chemical  and  phys- 
ical effects  of  the  cultivation  of  a  soil  in  which  he  showed  that 
the  aeration  of  the  soil  and  the  destruction  of  weeds  were  not  the 
principal  points  to  be  kept  in  view.  The  principal  value  of  culti- 
vation is  found  in  the  relation  of  cultivated  soils  to  moisture. 
Soils  which  tend  to  be  too  wet  are  dried  out  more  readily  by  cul- 
tivation, while  those  which  suffer  from  drought  have  their  water 
retained  by  the  same  means.  Soils  should  be  cultivated  every 
year  if  possible.  Water  charged  with  carbonic  acid  dissolves 
chalk  and  causes  the  clay  to  lose  its  coagulability. 

M.  Wiley  presented  a  paper  to  the  section  on  the  economic 
uses  of  com  stalks,  showing  the  immense  quantity  of  valuable 
food  material  for  cattle,  destroyed  annually  in  the  United  States, 
by  the  burning  of  stalks  of  Indian  corn.  He  showed  how  the 
cornstalk  becomes  one  of    the   best   absorbents  for  blood    and 
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molasses,  and  thus  would  form  the  basis  of  some  of  the  most 
valuable  manufactured  cattle  foods. 

M.  Schneidewiud  laid  before  the  section  some  of  the  results 
obtained  at  the  agronomic  station  at  Halle  on  denitrification  and 
in  the  transformation  of  soluble  nitrogenous  cpmpoands  into 
insoluble. 

In  Section  8,  interesting  communications  were  made  in  regard 
to  the  falsification  of  wines,  and  it  was  brought  out  in  the  dis- 
cussion that  the  vin  ordinaire  obtained  at  Paris  was  almost  wholly 
artificial  in  character,  about  one  barrel  of  low  grade  red  wine 
serving  as  a  basis  for  at  least  three  barrels  of  the  material  placed 
on  sale. 

M.  Berger  gave  the  results  of  his  study  in  the  sterilization  of 
water  by  peroxide  of  chlorine.  This  compound  is  of  such  great 
activity  that  a  quantity  less  than  a  milligram  sufSces  to  sterilize 
a  liter  of  water. 

M.  Ogier  states  that  it  is  certain  that  the  composition  of  water 
treated  is  not  modified  in  an  unfavorable  sense  by  the  peroxide  of 
chlorine,  and,  in  so  far  as  mineral  matters  are  concerned,  its  use 
does  not  produce  an  increase,  except  in  an  infinitesimal  way  so 
small  as  to  escape  detection  by  analysis.  The  water  which  has 
been  sterilized  is  easily  freed  from  any  excess  of  peroxide  of  chlo- 
rine so  that  it  may  be  regarded  as  an  irreproachable  agent  from  a 
hygienic  point  of  view. 

M.  Brevaus  discussed  the  detection  of  saccharin  in  alimentary 
products,  in  which  the  method  of  Remsen  was  given  the  prefer- 
ence. As  is  well-known,  the  use  of  saccharin  is  prohibited  in 
most  European  countries.  Its  use  in  this  country  by  diabetic 
patients  has  grown  to  large  proportions.  It  is  extremely  doubt- 
ful if  it  serves  any  useful  purpose,  while  it  is  quite  certain  that  it 
hinders  digestion.  Its  general  use  should  be  regulated  by  law, 
and  physicians  should  be  admonished  not  to  prescribe  it  promis- 
cuously to  their  patients  and  never  to  any  particular  one  for  any 
length  of  time. 

M.  Halphen  gave  a  report  on  the  adulteration  of  oils,  and  the 
methods  of  detecting  them. 

MM.  Abelous  and  Gerard  presented  a  paper  in  which  they 
described  a  soluble  ferment  found  in  animal  tissues  producing 
nitrates.  It  exists  in  the  greater  number  of  organs  although  the 
proportion  is  unequal.  It  not  only  produces  nitrates,  but  decolor- 
izes the  blue  of  methylene.  The  ferment  has  its  maximum 
activity  at  between  40°  and  50°,  and  is  destroyed  at  about  71°. 

M.  Moli6re  pointed  out  the  conditions  in  which  it  is  necessary 
to  work  to  obtain  a  regular  determination  of  glycogen  in  normal 
and  pathological  tissues  and  pointed  out  the  steps  necessary  to 
extract  the  glya^n  from  the  tissues  and  precipitate  the  nitro- 
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genous  matters  and  finally  to  separate  the  crude  glycogen.  The 
real  quantity  of  glycogen  is  determined  according  to  the  weight 
of  suboxide  of  copper  given  by  the  crude  product  hydrolyzed  by 
sulphuric  acid  of  2.5  per  cent,  strength,  and  the  heated  product 
permitted  to  act  upon  Fehling's  solution. 

The  whole  subject  of  the  determination  of  glycogen  has  lately 
been  studied  in  the  Department  of  Agriculture,  by  MM.  Bigelow, 
and  Haywood,  with  the  result  of  showing  that  the  method  which 
is  described  above  and  which  has  been  practiced  for  many  years 
is  not  reliable.  The  results  of  these  investigations  will  soon  be 
published  for  the  information  of  chemists  interested  in  the  deter- 
mination of  glycogen. 

I  have  in  the  above  brief  r^sum^  only  touched  upon  some  of 
the  papers  which  to  me  were  of  superior  interest.  Another 
reviewer  would  doubtless  have  selected  quite  a  different  series  of 
papers  for  mention.  At  any  rate,  the  above  will  show  the  gen- 
eral character  of  the  papers  which  were  read,  numbered  as  they 
were  by  the  hundreds,  and  of  the  character  of  the  discussions  in 
regard  to  them.  Of  course  it  is  not  possible  for  anyone  to  be 
present  at  all  the  sections,  and  it  is  quite  likely  that  many  of  the 
most  interesting  papers  escaped  my  attention  entirely. 

I  have  already  called  attention  to  the  remark  made  by  M. 
Moissan  in  his  opening  address,  to  the  effect  that  one  of  the  most 
valuable  points  connected  with  an  international  congress  is  the 
opportunity  which  it  affords  of  making  the  personal  acquaintance 
of  our  professional  brethren  whom  we  have  long  known  from  their 
works.  And  so  it  seems  to  me  that  the  most  delightful  as  well 
as  the  most  useful  part  of  the  congress  was  the  meeting  of  old 
friends  and  the  making  of  new  ones,  especially  those  whom  we 
bad  known  before  by  correspondence  or  otherwise. 

In  the  absence  of  M.  Berthelot,  unhappily  detained  by  a  slight 
indisposition  from  attending  the  meetings  of  the  congress,  by  far 
the  most  interesting  figure  to  ray  mind  was  that  of  Mendel6ef,  of 
St.  Petersburg.  His  white  flowing  hair  and  attractive  counte- 
nance marked  him  everywhere  as  a  man  of  distinction.  He  takes 
the  greatest  interest  in  the  work  of  the  chemists  of  this  country, 
and  spoke  particularly  of  many  of  the  contributions  which  our 
chemists  have  made  to  science.  While  we  may  not  regard  Men- 
delief  as  the  first  originator  of  the  theory  of  the  periodic  law,  that 
being  reserved  to  the  honor  of  Newlands,  he  must  be  accorded 
the  credit  of  having  developed  it  in  a  thoroughly  philosophical 
and  practical  way.  Among  foreign  chemists,  Mendel6ef*s  work 
in  explosives  has  been  of  the  highest  character  and  many  of  the 
smokeless  powders  made  to-day  are  composed  directly  according 
to  his  formula  or  with  very  little  variation  therefrom.  In  fact, 
Mendel^ef  has  covered  almost  the  whole  field  of  chemical  research 
and,  among  the  older  men,  shares  with  Berthelot  and  Crookes, 


onorof  being  probably  the  most  eminent  chemist  now  living, 
aong  the  representatives  from  Germany,  perhaps  the  most 
iguished  and  certainly  the  most  striking  in  form  and  figure 
Otto  Witt,  our  friend  of  the  Chicago  exposition,  not  less 
erous  of  figure,  not  less  genial  of  disposition  than  at  that 
Dr.  Witt  occupied  a  high  position  in  the  German  commts- 

standing,  I  believe,  next  to  the  director-general  and  his 
tant  and  was,  by  all  odds,  with  the  French,  the  most  popular 
lan  representative.  His  well-known  ability,  and  his  suavity 
:act  pointed  him  out  as  the  proper  person  to  be  named  as  pres- 

of  the  Committee  of  Organization  of  the  next  congress,  which 
be  held  in  Berlin  in  1902, 

om  our  country  we  had  the  distinguished  president  of  the 
ity  of  Chemical  Industry,  Professor  C.  F.  Chandler,  of  New 
,  who  represented,  with  dignity  and  success,  the  advance 
1  of  American  applied  chemistry. 

e  chemists  of  England  were  conspicuous  by  their  absence, 
lis  congress,  as  in  all  the  others,  scarcely  an  Englishman 
to  be  found, 

"itzerland  sent  M.  Lunge,  whose  name  is  known  wherever 
ed  chemistry  is  practiced  as  being  at  the  head  of  his  profes- 

om  Italy,  we  had  as  a  delegate  M.  Cannizzaro  who  not  only 
tinguished  in  the  field  of  chemistry,  but  is  vice-president  of 
talian  Senate,  In  fact  the  scientific  men  of  Europe  do  not 
:  it  is  beneath  their  notice  to  take  an  interest  in  public  affairs 
many  of  them,  as  in  the  cases  of  Berthelot  and  Cannizzaro, 
}y  the  highest  public  positions. 

om  Austro- Hungary  the  principal  representative  was  the 
il  Frederich  Strohmer,  the  secretary- general  of  the  Vienna 
Tess,  who  did  so  much  at  that  time  to  make  the  sojourn  of 
foreign  delegates  in  the  capital  of  Austria,  pleasant  and 
table. 

om  Greece,  M.  Christomanos  headed  the  list  of  delegates. 
le  distinguished  men  from  France,  of  course,  were  numbered 
lie  dozens.  In  addition  to  those  who  have  already  been 
;d,  it  was  especially  pleasant  to  meet  Deh^rain,  Lindet, 
st,  Haller,  Lippraann,  and  others  equally  as  famous. 
Le  Committee  on  Organization  of  the  Congress  showed  a  great 
ovement  over  those  of  former  congresses  in  the  care  taken  to 
inscribed  and  identified  the  delegates  from  foreign  countries. 
only  was  a  list  of  all  these  delegates  published  in  the  daily 
ram,  but,  what  had  never  been  done  before  in  these  con- 
es, the  Paris  address  of  each  one  was  affixed,  thus  rendering 
issible  to  communicate  with  these  delegates  in  case  they 
I  not  be  met  at  the  sectional  meetings  which,  on  account  of 
Afidely  separated  localities  in  which  these  sections  met,  was 
ys  a  difficult  matter. 
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Highly  contributory  to  the  good  fellowship  and  intimate 
acquaintance  were  the  luncheons,  breakfasts,  excursions,  and  ban- 
quets offered  by  the  members  of  the  congress  to  the  delegates  of 
foreign  governments  and  learned  societies. 

At  midday  of  the  first  day  of  the  meeting,  the  congressists 
separated  into  groups  of  friends,  and  took  breakfast  at  the  differ- 
ent restaurants  in  the  Latin  quarter,  in  the  neighborhood  of  the 
Sorbonne.  The  restaurant  of  La  Socidt6  Savante  served  a  special 
breakfast  for  members  of  the  congress. 

The  reception  given  at  4.30  o'clock  the  same  day  by  M.  Ley- 
gues,  minister  of  public  instruction,  has  already  been  noticed. 

On  the  second  day  of  the  meeting  a  breakfast  was  given  at  the 
Restaurant  Lyonnaise  of  the  exposition,  Champs  de  Mars,  under 
the  presidency  of  M.  Henry  Boucher,  member  of  the  Chamber  of 
Deputies  and  former  minister  of  commerce.  At  the  dessert  M. 
Moissan  proposed  the  health  of  the  science  of  chemistry  in  a  happy 
address  in  which  he  said  : 

* '  There  was  in  antiquity  a  god  who  was  called  Janus.  He  had 
two  faces,  one  sad,  the  other  gay,  so  placed  Jthat  one  might  choose 
that  which  was  adapted  the  best  to  his  impressions.  Chemistry 
is  somewhat  like  Janus.  She  has  two  faces.  There  is  a  good 
chemistry  and  a  bad.  The  Phoenicians  with  great  difficulty 
obtained  a  mineral  from  the  Cassiterite  Islands  from  which  they 
obtained  tin  which  they  afterwards  adulterated  with  lead.  Chem- 
istry has  discovered  mineral  colors  in  order  to  add  as  much  as 
possible  to  them  of  barium  sulphate.  Chemistry  has  given  us  the 
aniline  colors  which  tint  our  silk  in  such  pleasant  variations  and, 
at  the  same  time,  she  has  taught  certain  adulterators  to  add  to 
the  silk,  90  per  cent,  of  foreign  matter.  Chemistry  has  taught 
us  to  obtain  as  much  sugar  as  possible  from  the  cane  and  the  beet, 
but  she  has  also  invented  saccharin  which  is  used  for  fraudulent 
purposes.  As  to  wines,  I  may  permit  myself  to  say  that  certain 
ones  have  been  adulterated,  but  we  have  not  noticed  that  to-day 
for  we  have  not  drunk  chemical  wines.  Yes  !  by  the  side  of  every 
new  preparation  is  found  its  falsification.  Alas  !  this  is  the 
eternal  history  of  life,  the  bad  is  mixed  with  the  good  and  the 
fable  of  iEsop  is  always  true.  Chemistry  might  then  be  com- 
pared to  the  sabre  of  M.  Prud'homme  which  might  serve  to 
defend  our  institutions,  and,  in  case  of  need,  to  fight  them  ;  but 
she  has  an  advantage  over  that  historic  sabre  and  that  is,  it  is  she 
who  aids  us  in  pursuing  the  adulterators.  It  is  by  her  trials,  by 
her  methods,  by  her  analyses,  often  very  delicate,  that  we  are 
able  to  detect  the  fraud.  Chemistry  thus  heals  her  own  wounds. 
In  the  last  place,  we  are  able  to  stop  with  this  consoling  thought 
that  if  in  chemistry  virtue  is  not  always  rewarded,  at  least  vice  is 
often  punished.     Gentlemen,  I  drink  to  the  good  chemistry." 

The  closing  banquet  of  the  congress  was  held  at  the  Hotel 
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Continental,  on  the  evening  of  July  a8th,  when  about  300  members 
sat  down  to  a  dinner. 

The  banquet  was  presided  over  by  M.  Leygues,  the  minister  of 
public  instruction,  having  on  his  right  M.  Moissan,  and  on  his 
left  M.  Cannizzaro.  It  is  needless  to  add  that  the  cuisine  was  of 
the  most  exquisite  kind,  the  wines  of  the  best  vintages  and  served 
at  the  proper  temperatures,  and  the  good  fellowship  of  the  com- 
pany was  equal  to  the  elegant  repast  which  was  served. 

M.  Moissan  at  the  close  of  the  dinner  proposed  the  health  of 
the  president  of  the  republic,  and  of  the  minister  of  public  instruc- 
tion and  to  this  toast  the  minister  of  public  instruction,  in  the 
name  of  the  president,  and  in  his  own  person  made  a  most  happy 
reply. 

By  arrangement  of  the  delegates  of  foreign  countries  M.  Lunge 
spoke  for  them  in  an  eloquent  discourse  praising  the  hospitality 
of  the  French  and  expressing  his  great  satisfaction  in  having 
been  present  at  the  inauguration  of  the  statue  of  Lavoisier.  He 
expressed  great  satisfaction  in  knowing  that  the  United  States 
and  Europe  are  united,  if  not  in  the  domain  of  politics,  at  least 
in  the  domain  of  science.  He  drank  to  the  solidarity  of  the 
nations  united  by  science,  and  to  the  success  of  the  International 
Congresses  of  Applied  Chemistry,  and  to  the  health  of  M.  Moissan 
to  whom  he  wished  a  long  and  successful  career. 

Numerous  personally  conducted  tours  through  the  most  inter- 
esting parts  of  the  exposition  were  enjoyed  under  the  guidance  of 
experts  thoroughly  acquainted  with  the  character  and  extent  of 
the  exhibits.  By  this  means  the  congressists  were  able  to  see,  at 
small  expense  of  time,  the  most  interesting  of  the  chemical 
exhibits.  While,  of  course,  in  magnitude  the  French  exhibitsof 
chemical  products  were  more  extensive  than  those  of  any  other 
country,  it  must  be  conceded  that  the  German  exhibit  was  supe- 
rior in  arrangement,  beauty  of  design,  and  completeness  of  detail. 
Our  own  chemical  exhibit  was  of  a  very  modest  nature  and  while 
it  was  excellent,  in  so  far  as  it  went,  it  did  not  in  any  way  illus- 
trate the  great  strides  which  our  country  has'  made  in  the  last  few 
decades  in  manufacturing  chemistry.  Our  people  are  doubtless 
so  busy  in  the  conduct  of  their  great  manufacturing  problems  that 
they  do  not  think  it  worth  while  to  give  their  time  and  money  to 
securing  adequate  representation  in  foreign  expositions.  In  this, 
however,  I  think  they  make  a  great  mistake,  and  let  us  hope  that 
when  another  World's  Exposition  takes  place  in  a  European  cap- 
ital, American  chemical  products  will  be  represented  on  a  scale 
commensurate  with  their  commercial  magnitude. 

The  visit  to  the  Pasteur  Institute  was  full  of  interest,  espe- 
cially to  those  congressists  who  had  not  had  a  previous  opportunity 
of  seeing  this  monument  to  the  greatest  of  modem  savants.  Pas- 
teur was  peculiarly  and  practically  a  chemist,  and  the  whole  sue- 
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cess  of  his  career  must  be  attributed  to  his  early  training  in 
our  science  and  to  his  constant  practice  of  it.  His  late  re- 
searches in  the  study  of  toxines  produced  in  diseases  and  the 
best  methods  of  preventing  them,  were  largely  of  a  hiochemic 
nature,  and  his  eflForts  were  made  possible  by  his  previous  training. 
He,  indeed,  would  be  incapable  of  higher  feeling  who  could  look 
upon  the  crjrpt  which  contains  the  mortal  remains  of  this  great 
man  without  a  feeling  of  gratitude  as  well  as  of  awe  :  awe  in  the 
presence  of  the  mortal  remains  of  so  great  a  life,  and  grat- 
itude that  that  life  still  persists  in  the  benefits  which  science,  under 
its  skilful  hand,  confers  upon  suffering  humanity*  The  scien- 
tific establishment  of  the  principle  of  vaccination  as  applied  to 
other  diseases  due  to  toxines  was  made  possible  by  the  works  of 
Pasteur,  and  these  works  offer  for  the  future  the  expectation 
that  in  the  progress  which  will  certainly  be  made  along  these 
lines  many  of  the  plagues  which  have  in  the  past  decimated  nations 
may  be  wholly  eradicated,  or  at  least  brought  under  control. 

Through  the  munificence  of  the  city  of  Paris,  and  of  Baroness 
Hirsch.  a  magnificent  addition  to  the  Pasteur  Institute  is  now  in 
construction,  across  the  street  from  the  old  building,  which  wall 
be  devoted  exclusively  to  physiological  and  pathological  studies, 
especially  physiological  chemistry. 

Joined  to  these  laboratories  is  a  hospital  built  upon  the  most 
approved  modem  plans.  The  Pasteur  Institute  is  to-day  one  of 
the  greatest  scientific  establishments  in  the  world,  and  of  all  the 
schools  of  biology  and  physiological  chemistry,  it  is  the  one 
where  the  experimental  method  is  the  most  fully  developed. 
Thanks  to  the  increase  of  its  buildings,  it  will  be  able  to  receive 
a  greater  number  of  pupils  than  ever  before,  and  thus  to  satisfy 
the  immense  demand  which  has  been  made  upon  it  up  to  the 
present  time. 

Thus  the  labors  of  this  great  man  will  continue  through  the 
twentieth  century,  and  no  one  can  estimate  the  blessings  which 
they  will  secure  in  immunity  from  disease,  in  longer  life,  and  in 
sustained  powers  of  labor,  and  enjoyment  for  the  whole  race. 

All  the  members  of  the  congress  are  under  lasting  obligations 
to  M.  Dudaux,  the  director,  and  to  M.  Roux,  the  assistant 
director,  who  so  amiably  performed  the  honors  of  this  great  estab- 
lishment. 

Returning  from  the  visit  to  the  institute,  the  congressists  were 
received  by  the  prefect  of  police,  and  the  prefect  of  the  Seine,  at 
the  Hotel  de  Ville.  There  the  congress  was  addressed  by  the 
president  of  the  municipal  countil  who,  in  a  happy  speech,  wel- 
comed the  members  of  the  congress  to  the  city  hall,  and  in  a  few 
well-turned  phrases  jocosely  alluded  to  the  differences  which 
exist  between  the  municipal  government  and  the  Elys6e  Palace. 
Our  own  people  will  understand  better  the  strain  which  exists 


■e  when  they  know  that  the  municipal  government  of  Paris 

the  control  of  a  political  party  which  is  violently  opposed  to 
present  republican  form  of  government  and  these  relations  are 
irawn  that  the  president  of  the  municipal  council  no  longer 
nds  the  functions  of  the  president  of  the  republic, 
he  most  charming  of  the  excursions  made  by  the  congress 

a  visit  to  Chantilly.  The  chateau  and  estates  of  Chantilly 
e  formerly  the  property  of  the  famous  Cond^,  the  great  con- 
ile  of  France,  and  in  a  direct  line  of  descent  were  inherited  by 
junior  branch  of  the  Bourbons  of  which  the  late  DucD'Aumale 

the  last  representative.  Dying  in  1898  without  heirs  the 
:,  by  a  will  dated  October  25,  i8»6,  left  this  vast  estate, — the 
teau  and  its  grounds,  its  fountains,  its  buildings  and  forests, 
xraks,  pictures,  and  objects  of  art,  to  the  French  Institute  to 
1  in  trust  forever  for  the  benefit  of  the  French  people  and  the 
pie  of  the  whole  world.  This  patriotic  man,  although  of  royal 
«nt,  was  one  of  the  few  princes  of  the  blood  who  gave  a  gen- 
:  adhesion  to  the  republican  form  of  government,  and  he  at- 
ed  his  devotion  to  his  country,  even  as  a  republic,  by  leaving 
t  this  magnificent  estate  with  all  its  priceless  objects  of  art 

of  history. 

.11  too  short  were  the  few  hours  which  we  were  able  to  spend 
lat  magnificent  palace,  filled  with  treasures  the  equal  of  which 
no  where  else  be  seen,  when  judged  from  the  point  of  view  of 
ory.  Although  the  day  was  extremely  hot,  no  one  suffered 
a  fatigue  with  such  a  prospect  as  was  presented.  The  cha- 
I,  the  museums,  the  lakes,  the  fish  ponds,  the  race  course,  the 
,dows,  and  the  magnificent  stables,  which  are  the  admiration 
he  world,  all  helped  to  make  the  afternoon  delightful. 
ine  of  the  most  pleasant  features  in  connection  with  the  con- 
is  was  the  unveiling  of  the  statue  of  Lavoisier  in  the  Place  de 
ladeleine,  under  the  auspices  of  the  French  Academy  of 
inces.  A  beautiful  canopy  had  been  erected  for  the  foreign 
:gates  and  invited  guests,  and,  although  the  day  was  excep- 
ally  hot,  there  was  no  lack  of  interest  in  the  exercises. 
irly  all  the  members  of  the  congress  were  present  to  render 
or  to  the  great  founder  of  their  science,  and  it  was  in  the 
St  of  an  audience  composed  of  those  learned  men,  of  the 
idemy  of  Sciences,  of  the  representatives  of  the  other  branches 
he  institute,  and  of  numerous  learned  societies  of  France,  and 
ign  countries,  that  the  statue  of  the  founder  of  the  science  of 
mistry,  of  immortal  memory,  as  Wurtz  has  said,  was  unveiled. 
s  beautiful  piece  of  scul^ure  represents  Lavoisier  with 
fted  right  hand  in  the  attitude  of  delivering  a  lecture  to  his 
lents.  The  left  elbow  is  supported  upon  a  lot  of  apparatus 
resenting  the  original  forms  used  by  Lavoisier  in  his  immortal 
overies.     The  piece  of  statuary  bears  the  simple  inscription 
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**  Lavoisier,  1 743-1 794.**  This  piece  of  sculpture  is  the  w.ork  of 
one  of  the  greatest  of  contemporaneous  artists,  Barrias.  It  can  be 
said  without  exaggeration  that  it  adds  greatly  to  liis  glory.  Bar- 
rias has  shown  us  the  master  in  all  the  majesty  of  his  genius  and, 
at  the  same  time,  in  the  garb  of  the  philosopher  and  incomparable 
experimenter. 

Orations  were  pronounced  by  Berthelot,  in  his  absence  read  by 
M.  Moissan,  and  by  Leygues,  the  minister  of  public  instruction. 
The  discourse  of  M.  Leygues  was  especially  eloquent.  He 
closed  his  address  with  the  following  words  : 

*'  There  is  an  invincible  force  in  things  which  always  triumphs, 
in  the  end.  The  scientific  institutions  which  seemed  to  have  dis- 
appeared forever  with  Lavoisier  soon  sprung  up  again  vivified  and 
rejuvenated  by  the  powerful  breath  of  the  revolution,  and  remain 
reflected  in  our  glorious  institute  of  France.  Among  us  the  rights 
of  free  thought  are  imprescriptible.  Nothing  can  prevail  against 
them.  Lavoisier  was  brave  in  the  face  of  death.  '  I  have  obtained,  * 
he  wrote  to  Augez  de  Villers,  '  a  career  tolerably  long  and  above 
all  very  happy,  and  I  believe  that  my  memory  will  be  accompanied 
with  some  regrets,  possibly  even  with  some  glory.  What  could  I 
desire  more  ?  The  events  in  which  I  find  myself  enveloped  are 
probably  going  to  save  me  the  inconveniences  of  old  age.  I  shall 
die  perfectly  whole.  That  is  an  advantage  which  I  ought  to  count 
among  the  number  of  those  with  which  I  console  myself. '  A 
single  remark  is  to  be  made  in  answer  to  these  last  words.  Men  like 
Lavoisier  never  wholly  die,  and  the  scaffold  only  serves  to  build 
a  pedestal  upon  which  grateful  generations  will  sometime  erect 
their  images. '  * 

To  my  mind  there  could  be  no  happier  way  of  stating  the  present 
attitude  of  the  French  people  toward  those  great  men  whom  the 
fury  of  the  terror  conducted  to  the  scaffold  a  little  over  a  hundred 
years  ago.  To  me,  there  are  no  more  interesting  works  of  art  in  the . 
great  city  of  Paris,  the  mother  of  modem  art,  than  the  two 
statues  of  two  men  beheaded  during  the  revolution,  Danton, 
representing  the  spirit  of  pure  democracy,  and  Lavoisier  repre- 
senting the  spirit  of  pure  science.  His  judges  would  not  listen 
to  his  plea  for  a  few  days  more  of  life  to  finish  some  scientific 
work  upon  which  he  was  engaged.  They  hurried  him  with  all 
haste  to  the  scaffold,  and  now  the  whole  scientific  world  unites 
to  honor  his  undying  memory  which  an  ignominious  death  has 
only  helped  to  make  more  precious. 

H.  W.  Wiley. 


NOTES. 

Power  Laboratory  Ore  Grinder. — In  such  a  laboratory,  as  that 
of  the  Edgar  Thomsea  Steel  Works,  where  many  ore  and  slag 
analyses  are  made  daily,  and  rapid  work  is  essential,  the  qnestioD 
of  obtaining  comparatively  large  amounts  of  the  samples  in  a  fioe 
powder  is  an  important  one.  It  is  a  general  rule,  in  ore  and  slag 
work,  that  the  finer  the  sample  is  ground,  the  more  rapidly  and 
satisfactorily  can  the  analysis  be  made. 

In  recognition  of  these  facts,  we  some  time  ago  installed  in  our 
laboratory,  a  small  ore  grinder  operated  by  an  electric  motor, 
which,  as  it  does  the  work  much  more  satisfactorily  than  was 
possible  by  hand  grinding,  we  think  worthy  of  description  for  the 
benefit  of  other  chemists. 

The  accompanying  cut  shows  fairly  well  the  general  appear- 
ance of  the  grinder.  It  stands  i8  inces  high  and  occupies  about 
I  square  foot  of  floor  space.  Preferably  it  is  made  of  bronze  and 
steel,  heavily  nickel-plated  to  resist  the  laboratory  fumes.  The 
motion  is  communicated  to  the  grinder  by  a  i  inch  round  belt 
running  in  a  grooved  pulley  about  4  inches  in  diameter.  Inside 
the  hollow  mandrel  thus  moved,  is  a  sliding  steel  rod,  with  a 
groove  cut  lengthwise,  in  which  a  hard- 
ened steel  pin,  fastened  to  the  hollow 
mandrel,  slides. 

The  agate  pestle  is  fastened  to  this 
sliding  rod  about  i  inch  from  the  cen- 
ter and  at  such  an  angle,  that  in  revolv- 
ing, it  follows  closely  the  level  of  the 
bowl  of  the  mortar. 

The  pressure  is  regulated  by  a  spring 
pressing  on  the  top  of  the  sliding  rod. 
The  motion  of  the  pestle  is  produced 
by  a  ball  and  socket  joint,  giving  a 
combined  rocking,  rolling,  and  scraping 
motion,  similar  to  that  used  in  hand 
grinding,  but  on  account  of  the  rapid 
motion  and  uniform  pressure,  is  much 
more  efficient.     In  order  to  bring  all  the  ore,  in  turn,  under  the 
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pestle,  the  mortar  is  given   a  slow  revolving  motion,  while  a 

scraper,  pressing  against  the  bowl,  brings  all  the  ore  under  the 

pestle.     The  mortar  is  held  in  place  by  four  thumbscrews  in  four 

posts  suitably  placed  to  hold  the  sides  of  the  mortar.    One  of  these 

posts  can  be  dropped  down  when  the  set  screw  is  loosened,  which 

allows  the  mortar  to  be  taken  out,  the  pestle  being  previously 

pushed  up  about  i^  inches.     This  is  all  done  in  a  few  minutes,  it 

not  even  being  necessary  to  stop  the  revolution  of  the  pestle. 

The  power  required  to  operate  this  grinder  is  small  and  could 

probably  be  obtained  from  a  small  water  motor,  if  electricity  is 

not  available.     We  have  four  of  these  grinders  in  daily  use. 

Leather  belts  can  be  used  for  connections,  but  after  trying  several 

kinds  we  find  the  steel  spring  belt  is  best. 

C.  B.  Murray. 

Edgak  THOM6BX  Steel  Works. 


Loss  0/ Sulphur  in  Preparing  Ash  cf  Plants,  — It  is  generally 
known  that  the  sulphur  contained  in  an  ash  does  not  necessarily 
represent  the  sulphur  content  of  the  plant.  Berthelot'  states  that 
the  determination  of  phosphorus  and  sulphur  when  the  plant  is 
burned  to  an  ash  is  often  incorrect,  and  discusses  the  conditions 
theoretically  necessary  that  no  loss  take  place.*  S.  Bogdonow' 
states  that  the  estimation  of  the  sulphur  content  of  a  plant  by 
determining^  the  sulphur  in  the  ash,  is  incorrect.  He  determines 
the  sulphur  in  the  plant  preferably  by  the  method  of  fusing  it 
with  caustic  potash  and  potassium  nitrate.  Comparing  his  analy- 
ses of  cereals  made  by  this  method  with  Wolf's  tables  of  ash  analy- 
ses, he  concludes  :  ( i )  That  the  sulphur  in  the  ash  does  not  give 
even  an  approximate  idea  as  to  the  sulphur  in  the  plant;  (2)  that 
plants  contain  considerably  more  sulphur  than  has  been  supposed ; 
(3)  the  sulphuric  acid  of  the  soil  is  of  practical  importance.  It 
may  be  added  that*  he  found  fertilization  with  sulphates  advanta- 
geous to  certain  Russian  soils. 

The  following  experiments  were  made  to  test  whether  sulphur 
was  lost  on  incineration  of  vegetable  substances.     No  case  was 

*  Compt.  rend.,  laS,  17. 

s  Wiley  ("  Principles  and  Practice  of  Agrricultural  Analysis,"  Vol.  Ill,  p.  37)  states,  that 
unless  special  precautions  are  taken,  a  portion  of  the  organic  sulphur  and  phosphorus  may 
escape  during^  the  combustion.  The  method  of  determining  sulphur  in  protein  is  de- 
scribed :  Same  volume,  p.  446. 

*  J.  russ.  phys.  chem.  Ges.,  31,  471. 


oaDd  in  which  all  the  sulphur  of  the  plant  was  contained  in  the 
sh. 
The  determination  of  the  sulphur  was  made  by  two  methods : 
.  lO  grams  were  burned  to  an  ash  at  the  lowest  possible  tempera- 
iire,  and  the  sulphur  determined  in  it ;  b.  lo  grams  substance 
Fere  burned  with  the  addition  of  30  cc.  of  a  solution  of  caldtun 
cetate  containing  39.3  grams  per  liter,  as  recommended  by  Dr. 
L.  E.  Shuttleworth. 

Sulphur  Pound  in  Plants. 

i.  BDnied  with 
aldom  ■cetalc.  a.  Alone.  Loa. 

Oatstraw 0.158  0.151  4 

Crimson  clover  bay 0.173  o-i37  '^ 

Green  r«pe o-soj  o^Ji  6 

Wheat  bran o.oJS  o.cxjo  100 

Corn  silage 0.09S  0.081  16 

Timothy  hay 0.085  0.076  1 1 

CoUoniced  meal o.iii  0.071  6S 

Soy  beans 0.161  0.091  5S 

Linseed  weal 0.091  0.038  5S 

The  sulphur  obtained  when  the  ash  was  burned  by  itself  is  from 

to  loo  per  cent,  less  than  when  burned  with  calcium  acetate. 
Whether  the  calcium  acetate  retains  all  the  sulphur  or  not,  is  a 
otnt  which  requires  further  study. 

The  diSerences  in  the  above  table  may  in  some  cases  seem  insig- 
lificant,  but  owing  to  the  quantity  of  material  employed,  it 
equires  0.0007  gram  barium  sulphate  to  produce  a  difference  of 
i.ooi  per  cent. 

It  is  plain  that  the  determination  of  sulphur  in  an  ash  prepared 
a  the  usual  way,  far  from  giving  any  idea  as  to  the  sulphur  in 
he  plant,  may  prove  very  misleading.  Any  conclusions  drawn 
rom  such  analyses  are  liable  to  prove  erroneous. 

This  worlc  was  performed  in  the  laboratory  of  the  North  Caro- 
ina  Experiment  Station,  with  the  permission  of  Professor  W.  A. 
Vithers,  chemist. 

G.  S.   FRAPS. 

A  Simple  Test  to  Distinguish  Oleomargarine  from  Butler.~\u 
he  March  ( 1900 1  number  of  this  Journal,  Hess  and  Doolittle  refer 


NOTES.  20 1 

to  the  weU -known  spoon  test  for  oleomargarine  and  in  the  Octo- 
ber number  Dr.  C.  A.  Crampton  mentions  the  fact  that  this  test 
is  preferred  to  the  polarizing  microscope  by  many  revenue  exami- 
ners. 

Another  simple  test  was  called  to  my  attention  by  Mr.  C.  H. 
Waterhouse,  Dairy  Instructor  at  the  New  Hampshire  College,  a 
short  time  before  his  death,  this  last  summer,  and  was  originated 
by  him.  Previous  to  his  sickness  he  had  asked  me  to  try  it  on 
various  kinds  of  fats,  but  until  recently  I  had  been  unable  to  do 
so.  From  the  results  now  obtained  and  the  simplicity  of  the  test, 
I  am  convinced  that  it  may  find  application  preliminary  to  chem- 
ical analysis. 

The  details  are  as  follows:  Half  fill  a  100  cc.  beaker  with  sweet 
milk,  heat  nearly  to  boiling  and  add  from  5  to  10  grams  of  butter 
or  oleomargarine.     Stir  with  a  small  rod,  which  is  preferably  of 
wood  and  about  the  size  of  a  match,  until  the  fat  is  melted.     The 
beaker  is  then  placed  in  cold  water  and  the  milk  stirred  until  the 
temperature  falls  sufficiently  for  the  fat  to  congeal.     At  this  point 
the  fat  if  oleomargarine  can  easily  be  collected  together  into  one 
lump  by  means  of  the  rod,  while  if  butter  it  will  granulate  and 
cannot  be  so  collected.     The  distinction  is  very  marked.     The 
stirring  is  not,  of  necessity,  continuous  during  the  cooling,  but  it 
should  be  stirred  as  the  fat  is  solidifying  and  for  a  short  time 
before.     The  milk  should  be  well  mixed  before  being  turned  into 
the  beaker   as  otherwise  cream   may    be  turned  from  the  top 
and  contain  so   much   butter- fat    that   the   test   is  vitiated  for 
oleomargarine.     I  have  tried  this  test  many  times  on  twenty- 
one  different  samples  of  oleomargarine   and   on    several   sam- 
ples of  butter  and  have  found  it  to  work  in  every  case.     Many  of 
these  samples  were  also  given  by  me  to  my  assistant  for  trial  and 
he  never  failed  to  immediately  distinguish  between  oleomargarine 
and  butter.     I  have  also  made  mixtures  and  have  found  that  one 
containing  about  25  per  cent,  or  less  of  butter  would  be  always 
classed  as  an  oleo.     Lard  and  cottolene  act  the  same  as  oleomar- 
garine. 

While  the  small  number  of  .samples  of  oleo  to  which  the  test 
has  been  applied  will  not  allow  of  a  positive  statement  of  its  uni- 
versal application,  I  am  convinced  from  my  own  experience  that 
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it  will  prove  of  value,  especially  in  the  hands  of  revenue  agents 
and  others  employed  in  detecting  illegal  sales  of  oleomarga- 
rine, as  it  may  materially  lessen  the  nnmber  of  samples  to  be  sent 
forward  for  the  final  proof  of  chemical  analysis. 

If  this  test  is  found  to  be  of  use  it  should  be  known  as  the 
"  Waterhouse  Test."  Craklbs  Lathrop  Parsons. 


BOOKS  RECEIVED. 
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THE  nEA5UftEiieNT  OP  GOLD  AND  SILVER  BUTTONS  IN 
QUANTITATIVE  BLOWPIPE  ASSAYS. 

By  Joseph  W.  Richards. 

Recdved  February  s,  igox. 

WHEN  Harkort,  a  Freiberg  student,  invented  the  quantita- 
tive blowpipe  assay  for  gold  and  silver,  in  1824,  he  was  at 
once  confronted  with  the  impossibility  of  weighing  the  very  small 
buttons  obtained.  He  surmounted  the  difficulty  by  assaying  a  silver 
ore  repeatedly  in  the  muffle,  until  he  knew  with  exactness  its  con- 
tents. Then  he  assayed  a  standard  weight  of  it  by  the  blowpipe 
and  obtained  a  button  of  a  certain  size  whose  weight  was  known 
from  the  amount  of  ore  taken.  Taking  half  and  a  third  and  a 
quarter  of  the  weight  of  ore  he  obtained  smaller  buttons  of 
known  weight.  With  these  he  constructed  a  scale.  He  drew 
two  fine  slightly  diverging  lines  on  white  cardboard,  placed  the 
buttons  between  the  lines  at  the  points  where  they  fitted,  and 
marked  opposite  those  points  the  corresponding  weights,  or, 
rather,  the  corresponding  silver  contents  of  the  ore,  assuming  a 
standard  weight  taken  for  assay. 

Harkort  brought  the  method  to  the  attention  of  Plattner,  the 
professor  of  metallurgy  at  Freiberg,  and  published  his  results  at 
his  own  expense  in  a  small  book  entitled  *  *  Silverprobe  vor  dem 
Lothrohr,"  Freiberg,  1827. 
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Plattner  took  up  this  method  in  his  regular  course  of  instruc- 
tion, and  improved  and  extended  it.  One  of  his  principal  im- 
provements was  the  construction  of  the  button  scale  ruled  on 
ivory,  made  by  the  mechanic,  August  Lingke,  at  Freiberg.  To 
fix  accurately  the  dimensions  of  this  scale,  Plattner  assayed  a 
very  rich  silver  ore  repeatedly  in  the  muffle  until  it  was  known 
with  certainty  to  contain  exactly  3.48  per  cent,  of  silver.  He 
then  made  repeated  blowpipe  assays  of  this  ore,  obtaining  buttons 
very  close  together  in  size  and  weight.  The  two  lines  were  then 
drawn,  on  ivory  so  that  they  diverged  approximately  the  diameter 
of  these  buttons  in  150  millimeters.  The  buttons  were  th^ 
fitted  exactly  between  the  lines,   and  the  point  marked  50,   the 


distance  from  here  to  the  meeting  point  of  the  lines  being  divided 
into  fifty  equal  divisions.  The  exact  dimensions  of  the  scale  as 
thus  made  were  156  mm.  from  o  to  50,  and  the  lines  0.9  mm. 
apart  at  50.  The  weights  corresponding  to  the  various  numbers 
were  calculated  from  the  number  50  representing  3.48  milligrams 
of  silver  (when  too  mg.  were  taken  for  analysis),  using  the 
assumption  that  as  the  buttons  were  nearly  spheres,  or,  at  least, 
were  homologous  in  shape,  their  weights  would  vary  as  the  cubes 
of  their  respective  horizontal  diameters.  The  weight  of  the 
silver  button  corresponding  to  any  number  from  i  to  50  would  be 

therefore  3.48  X  ( — V,  and  thus  these  weights  were  all  calculated 

and  engraved  on  the  scale  opposite  the  numbers.  A  similar  set 
of  weights  was  obtained  in  an  exactly  simitar  manner  for  gold 
buttons.  Thus  the  Plattner  ivory  scale  was  devised  and  is  still 
used  more  extensively  than  any  other  method  of  measuring  these 
small  buttons. 

The  defects  of  the  Plattner  scale  may  be  enumerated  under  the 
heads  of: 

1.  Errors  in  construction. 

2.  Errors  in  using. 

The  errors  in  constructing  the  scale  may  be  as  follows: 
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41.  The  lines  are  sometimes  not  mathematically  straight. 
6.  The  lines  may  be  rough  or  ragged. 

c.  The  lines  may  not  meet  exactly  at  the  point  marked  zero. 

d.  The  lines  may  not  be  exactly  the  right  distance  apart 
<o.9  mm. )  at  the  point  marked  50. 

It  is  seldom  that  the  best  scales  made  in  Freiberg  are  free  from 
one  or  more  of  these  defects ;  I  do  not  believe  that  more  than  one 
out  of  five  is  perfect. 

The  errors  in  using  the  scale  consist  of: 

a.  Placing  the  button  too  high  or  too  low  through  optical 
illusion.  The  button  should  be  tangent  to  the  inside  of  the 
lines,  and  in  a  strong  light  the  white  metallic  surface  of  the 
button  is  difficult  to  see  on  its  outer  edge.  One  investigator  has 
even  proposed  putting  the  silver  buttons  a  short  time  into  ammo- 
nium sulphide,  so  as  to  blacken  them  and  thus  facilitate  their 
measurement. 

b.  Placing  the  button  too  high  by  virtue  of  parallax,  which 
projects  the  middle  diameter  of  the  button  against  the  scale  on 
which  it  rests,  and  makes  the  button  seem  to  fit  higher  up  than 
its  real  diameter.  The  remedy  for  this  is  to  sight  first  down  one 
side  of  the  button,  then  down  the  other,  each  time  looking  per- 
pendicularly to  the  scale.  This  operation  is  tedious,  and  takes 
considerable  experience. 

c.  The  button  being  nearly  Tound,  it  takes  considerable  time, 
patience,  and  experience  to  get  it  to  a  certain  spot  on  a  flat  sur- 
face. This  is  not  an  error  of  the  scale,  but  an  unavoidable  incon- 
venience, which  becomes  accentuated  if  the  ivory  warps,  so  that 
the  scale  does  not  lie  level.  A  beginner  will  frequently  make  a 
greater  mistake  in  measuring  a  button  than  in  getting  it. 

Goldschmidf  s  Method,— I>r.  V.  Goldschmidt,  of  Heidelberg, 
proposed  two  improvements : 

/.  To  Remelt  the  Cupelled  Buttons  on  Charcoal, — ^This  gives  to 
them  a  more  nearly  spherical  and  more  uniform  shape  than  is 
obtained  on  the  cupel.  The  button  is  to  be  removed  from  the 
cupel,  hammered  flat  between  paper,  to  clean  it,  and  then  touched 
with  the  reducing  flame,  on  charcoal,  just  long  enough  for  it  to 
melt  and  take  the  spherical  form.  Buttons  thus  remelted  will  be 
heavier  than  cupelled  buttons  of  the  same  horizontal  diameter, 
and,  therefore,  heavier  than  the  given  weights  on  the  Plattner 
scale. 
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2.  Measuring  the  Horizontal  Diatneter  of  Such  Remelted  Butioni 
Under  ilie  Microscope. — For  this  purpose,  a  divided  scale  is  put 
into  the  focus  of  the  eyepiece  of  a  compound  microscope  mag- 
nifying 50  to  100  diameters.  A  scale  of  40  divisions  is  very  suit- 
able, the  tenths  of  each  division  being  estimated  when  measuring. 
The  buttons  are  placed  on  a  glass  plate,  a  piece  of  blue  glass  gives 
a  nice  background,  and  since  they  come  to  rest  only  on  their 
bases,  the  horizontal  diameter  is  always  in  position  to  be 
measured.  The  diameter  being  known  in  whole  divisions  and 
tenths,  reference  to  a  previously  constructed  table  gives  the 
volume  and  weight  of  the  button,  when  of  gold  or  silver. 

To  construct  this  table,  the  following  ingeniously  devised  plan 
was  worked  out  by  Goldschmidt :  A  number  of  bits  of  pure  gold 
are  melted  on  charcoal.  The  buttons  obtained  are  each  measured 
separately,  in  divisions  on  the  scale.  All  the  buttons  are  then 
weighed  together,  as  accurately  as  possible.  The  total  weight, 
divided  by  the  specific  gravity  of  gold,  gives  the  sum  of  the 
volumes  of  the  buttons.  This  latter,  divided  by  the  sum  of  the 
cubes  of  the  separate  diameters  (expressed  in  divisions  on  the 
scale),  gives  a  function  n.  This  function  is  the  factor  by  which 
to  multiply  the  cube  of  the  diameter  of  any  button  to  get  its 
individual  volume.  Expressed  algebraically,  the  above  opera- 
tions are: 

— ■■  =  2  volumes. 

Sp.  gr.  gold 

2  volumes  , 

-.■ ,  .■ ^  =  a  function  =  fA. 

2  (diam.)* 

Volume  of    any    button  =  ;j  X  (diam.)' 
Weight  of  a  gold  button  —  /^  X  sp.  gr.  gold    X  (diam.)* 
Weight  of  a  silver  button  ^^  /^  X  sp.  gr.  silver  X  (diam.)' 
From  the  above  data,  a  table  can  be  constructed  showing  the 
weights  of  gold  or  silver  buttons  for  every  division  of  the  scale 
up  to  its  full  range. 

It  should  be  remembered  that  measurement  under  the  micro- 
scope is  a  very  satisfactory  laboratory  method,  but  as  it  requires 
a  compound  microscope,  it  is  not  suitable  for  field  use  or  pros- 
pector' s  outfits. 

Richards'  Scalt. — The  writer  adopts  Goldschmidt's  idea  of 
remelting  the  button  on  charcoal,  wherever  practicable,  but  has 
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devised  a  modification  of  Harkort's  method  for  measuring  the 
buttons. 

The  idea  is  to  make  two  metallic  edges  perfectly  straight, 
lying  on  a  flat  surface,  touching  each  other  at  one  point  and 
held  apart  at  the  other  extremity  by  a  set-screw,  so  that  the 
point  100  may  indicate  a  fixed  width  or  separation  of  almost 
exactly  one  millimeter.  In  reality,  the  button  whose  horizontal 
diameter  fits  at  100  has  a  diameter  of  1.02  millimeters,  but  this 
distance  has  been  so  chosen  that  the  volume  and  consequently 
the  weight  of  said  button  are  exactly  that  of  a  perfect  sphere 
whose  diameter  is  one  millimeter.  The  other  numbers  on  the 
scale  have  the  same  significance ;  for  example,  the  button  whose 
horizontal  diameter  fits  at  43.5  has  the  volume  and  weight  of  a 
sphere  whose  diameter  is  43.5  hundredths  of  a  millimeter,  and 
such  is  the  basis  on  which  the  table  is  calculated. 

In  using  the  scale,  the  button  is  put  into  the  groove,  the  scale 
inddned  slightly  and  tapped  until  the  button  wedges  itself.  The 
tenths  of  a  division  are  estimated,  taking  the  points  where  the 
sides  of  the  button  touch  the  scale  as  the  reading.  As  the  button 
may  sometimes  roll  with  its  shorter  vertical  diameter  across  the 
scale,  several  readings  are  taken,  and  the  highest  reading  occur- 
ring with  regularity  is  the  true  horizontal  diameter.  For  in- 
stance, among  43.4,  43.4,  41.6,  43.51  41.8,  43.5,  it  is  evident  that 
43.5  is  the  horizontal  diameter  and  41.6  or  41.8  the  vertical.  The 
button  can  also  be  observed  under  the  lens,  to  see  how  it  is  lying, 
at  any  given  reading. 

A  gentle  spring  keeps  the  right-hand  strip  against  the  set 
screw,  thus  allowing  it  to  be  pressed  back  for  cleaning  out  the 
slot  with  a  brush  or  removing  a  button.  The  scale  is  made  of 
hardened  aluminum,  for  lightness,  and  is  set  in  a  velvet-lined 
leather  case.  It  is  made  by  Williams,  Brown,  and  Earle,  of  Phila- 
delphia, and  sold  at  the  same  price  as  the  imported  ivory  Plattner 
scales.  P.  Stoe,  of  Heidelberg,  makes  and  sells  the  scales  in 
Germany, 

The  advantages  of  this  method  of  construction  over  the 
engraved  ivory  scale  are: 

1.  The  edges  are  perfectly  straight,  from  the  method  of  con- 
struction. 

2.  They  meet  exactly  at  the  zero  point  and  can  be  adjusted  to 
the  exact  distance  at  100. 
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;.  The  reading  is  more  or  less  automatic,  the  errors  of  placing, 
allax,  and  personal  equation  being  almost  entirely  eliminated. 
The  scales  are  adjusted  by  the  makers,  but,  if  by  accident  they 

out  of  adjustment,  a  small  rod  of  wire  furnished  with  each 
trament,  whose  lower  end  marks  a  given  reading  on  a  correct 
tniment,  provides  the  means  of  quick  readjustment. 
Measuring  Gold-Stiver  Alloy  Buttons. — When  the  button 
ained  is  pure  gold  or  pure  silver,  any  of  the  above  methods 
e  its  weight  directly.  If,  however,  it  is  an  alloy  of  the  two, 
1  is  too  small  to  weigh  satisfactorily,  but  must  be  measured, 
:  question  of  determining  the  silver  present  as  well  as  the  gold 
1  difficult  one.     The  determination  is  very  much  facilitated 

using  the  small  case  of  standard  alloys  designed  by  Dr. 
Idschmidt,  of  Heidelberg  (made  by  P.  Stoe,  Heidelberg,  im- 
tedby  Williams,  Brown,  andEarle,  Philadelphia).  This  is  a 
ill  tablet  in  a  brass  case,  containing  small  flattened  buttons  of 
d-silver  alloys,  every  i  per  cent,  of  silver  to  20,  then  every  2 

cent,  to  40,  and  every  4  per  cent,  to  56,  where  the  alloy 
omes  silver-white.  In  using,  the  alloy  button  to  be  tested  is 
nmered  flat  between  paper,  put  on  the  plate  and  examined 
ler  the  lens  by  diffused  daylight.     With  a  little  experience, 

button  can  be  placed  to  one  alloy.     The  observation  gives  the 

cent,  of  silver  in  the  button.  Assayers  working  by  the  muffle 
I  also  find  this  a  very  convenient  instrument  to  save  parting 
sre  a  quick,  approximate  determination  is  wanted,  or  to  deter- 
le  how  much  silver  to  add  to  an  alloy  to  get  the  right  pro- 
tions  for  nitric  acid  parting. 

have  classified  the  different  methods  available  to  the  blow- 
e  assayer  as  follows  : 

.  If  the  button  is  over  50  per  cent,  of  gold,   and  therefore 
>red,  melt  on  charcoal,  measure,  and  note  its  volume.     Then 
ceed  by  either  of  the  following  methods  : 
fl)  Flatten  out,  compare  with  the  standard  alloys,  and  get  the 

cent,  of  silver  in  it.  From  the  table  of  specific  gravities  of 
1-silver  alloys  take  the  specific  g^vity.  Multiply  the  volume 
the  alloy  by  its  specific  gravity  ;  the  product  is  its  weight, 
m  the  known  percentage  of  silver  and  gold  in  it,  calculate 
ir  respective  weights. 

b)  Melt  the  button  with  a  button  of  pure  silver  having  an 
al  diameter,  if  the  color  of  the  alloy  is  pale  ;  or  of  25  per 
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cent,  greater  diameter,  if  the  color  is  brass-yellow  ;  or  of  50  per 
cent,  greater  diameter,  if  of  nearly  pure  gold  color.  Hammer 
out  flat,  and  part  with  nitric  acid  in  the  usual  way.  Wrap  the 
gold  in  a  small  piece  of  pure  lead  foil,  cupel,  remelt,  measure, 
and  thus  get  its  weight  and  note-  its  volume.  Subtract  the 
volume  of  the  gold  from  the  volume  of  the  alloy,  and  the  differ- 
ence is  the  volume  of  the  silver.  The  weight  of  silver  corre- 
sponding to  this  volume  is  obtained  directly  from  the  table. 

The  writer  has  verified  these  two  methods  of  procedure,  and 
found  them  both  reliable.  The  principle  of  method  (a)  is  due 
to  V.  Goldschmidt,  but  not  exactly  in  the  simple  form  given 
above.  The  principle  of  method  {d)  is  based  on  the  fact  that 
gold  and  silver  neither  contract  nor  expand  in  alloying,  which 
fact  the  writer  has  verified  by  experiment  and  calculation. 

11.  If  the  button  is  less  than  50  per  cent,  gold,  and,  therefore, 
silver  colored.  Melt  on  charcoal  and  note  its  volume.  Then 
proceed  by  either : 

(a)  Part  with  nitric  acid  (remelting  with  more  silver  if  not 
attacked).  Wrap  the  gold  in  lead  foil,  cupel,  remelt,  measure, 
note  its  weight  and  volume.  Subtract  its  volume  from  that  of 
the  alloy,  getting  the  volume  of  the  silver,  and  thence  its  weight. 

(^)  Measure  accurately  a  pure  gold  button  of  approximately 
the  same  diameter  as  the  alloy  button.  Melt  together  on  char- 
coal, and  measure  carefully,  noting  the  volume.  Flatten  out 
the  color  will  be  yellow),  compare  with  the  standard  alloys,  and, 
knowing  the  volume,  compute  the  weight  of  gold  and  silver 
present.  The  weight  of  gold  fouud  less  the  weight  of  the  gold 
•  button  added,  gives  the  weight  of  gold  in  the  original  assay 
button.  The  weight  of  silver  may  be  obtained  by  calculation 
from  either  the  original  alloy  button  or  the  yellow  one  after  gold 
had  been  added. 

This  method  of  procedure  was  suggested  by  Professor  B.  W. 
Frazier,  of  Lehigh  University. 

{c)  Replace  on  charcoal,  and  heat  intensely  in  the  point  of  the 
oxidizing  flame.  The  silver  slowly  volatilizes,  and  in  one  to  five 
minutes  the  alloy  becomes  yellowish.  It  is  difficult  to  drive  all 
the  silver  off,  as  the  last  five  or  ten  per  cent,  volatilize  slowly  and 
probably  also  take  a  little  gold  with  them.  It  is  best  to  stop 
when  the  alloy  has  a  pronounced  yellow  color,  measure,  note  the 
volume,  flatten  out,  compare  with  standard  alloys,  and  calculate 
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weight  of  gold  present.  Take  the  volume  o£  that  weight  of 
d  from  the  table,  subtract  from  the  volume  of  original  alloy 
ton,  and  thus  obtain  the  volume  and  thence  the  weight  of  the 

i'he  fact  that  silver  can  be  volatilized  from  gold  in  this  way, 
charcoal,  was  described  by  the  writer  in  the  Journal  of  the 
mklin  Institute,  June,  1896. 
?be  writer  finds  methods  I  (a)  and  II  (^)  the  most  suitable 

field  work;  the  parting  with  nitric  acid  is  preferably  a  labora- 
'i  method,  and  is  the  most  accurate. 

Mote  on  the  Quantitative  Gold  or  Silver  Assay. — The  writer 
kes  the  fusion  on  charcoal  in  preference  to  a  Freiberg  carbon 
cible,  which  is  often  unobtainable.  When  finished,  it  is 
'ays  possible  to  make  the  slag  quite  liquid  and  then  to  pour 

the  lead  in  toto,  leaving  only  clean  slag  on  the  charcoal.  At 
t,  it  will  be  best  to  pour  out  on  a  cold  steel  anvil  or  plate, 
ence  the  lead  may  be  picked  up  and  placed  at  once  on  the 
)el  for  scorifying.  The  writer  has  frequently  poured  the  lead 
^tly  from  the  charcoal  on  the  previously  heated  cupel,  and 
a  commenced  immediately  to  scorify,  sometimes  without  even 
wing  the  lead  to  set.  This  will  usually  succeed  for  one  with  a 
idy  hand,  and  several  minutes  can  thus  be  saved. 
n  scorifying,  if  the  blowpipe-tip  is  advanced  almost  to  the 
Lrer  edge  of  the  fiame,  an  oxidizing  flame  of  great  power 
hout  a  well-defined  point  is  obtained,  before  which  the  lead 
dizes  with  great  rapidity.  1800  mg.  of  lead  were  thus  scorified 
300  mg.  in  two  minutes ;  and,  in  general, one- half  to  two- 
rds  of  the  time  usually  consumed  in  scorificarion  can  be 
ed. 
ii'or  fine  cupeltation,  it  is  not  absolutely  necessary  to  pre-heat 

cupel.  The  button  is  placed  on  the  freshly  struck  cupel,  a 
t  under  the  button  strongly  heated,  on  which  the  button 
ips  as  its  melts.  Then  the  cupel  is  turned  slowly,  keeping  the 
:ton  half-way  up  the  far  side,  and  the  fiame  always  heating 
:  cupel  just  imder  it,  which  is  thus  dried  before  the  button 
aes  onto  it. 

3y  using  such  devices  as  the  above  to  save  time,  the  gold  or 
rer  assay  may  often  be  run  through  in  from  ten  to  fifteen 
3Utes,  with  an  extra  five  minutes  for  separately  determining 
d  and  silver,  if  necessary. 
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c 

0 

b. 

Z 

I 

Weight  of  silvei 
button. 

Volume   of    the 
button. 

tonllu 

gun 

mg. 

mg. 

cu.  mm. 

2 

0.0001 

0.00004 

0.000004 

3 

0.0003 

0.00015 

0.000014 

4 

0.0006 

0.00035 

0.000034 

5 

0.0013 

0.00069 

0.000065 

6 

0.0022 
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O.OOOII 

7 
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0.0052 

0.0028 
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0.0074 
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0.00038 

10 
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0.0055 

0.00052 

II 

0.0134 
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0.00070 

12 

0.0174 

0.0095 
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13 

0.0322 

O.OI2I 

0.00II5 

14 

0.0277 

O.OI5I 

0.00144 

15 

0.0340 

0.0185 

0.00177 

i6 

0.0413 
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J7 

0.0495 
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0.00257 

i8 

0.0588 

0.0320 
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19 
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0.00359 

29 
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0.0439 
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21 

0.0934 
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23 
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23 
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24 
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25 
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26 
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27 
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0.0103 

28 

0.221 
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0.0II5 

29 
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0.0128 

30 

0.272 

0.148 

0.0I4I 

31 

0.300 
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0.0156 

32 

0.330 

0.180 

0.0172 

33 

0.362 

0.197 

0.0188 

34 

0.396 

0.216 

0.0206 

35 

0.432 

0.235 

0.0225 

36 

0.470 

0.256 

0.0244 

37 

0.511 

0.278 

0.0265 

38 

0.553 

0.301 

0.0287 

39 

0.598 

0.325 

0.031 I 

40 
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0.0335 

41 
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0.0361 

£ 

s 

1 

£ 

*J 

0 

** 

bo 

9 

a 

Vtf 

*¥> 

0 

0  . 

0  . 

0 

Number 
scale. 

Weight 
button 

• 

Weight  4 
button 

Volume 
button. 

looths 

mm. 

mg. 

mg. 

cu.  mm. 

42 

0.747 

0.406 

0.0388 

43 

0.802 

0.436 

0.0416 

44 

0.859 

0467 

0.0446 

45 

0.919 

0.500 

0.0477 

46 

0.982 

0.534 

O.05JO 

47 

1.047 

0.569 

0.0544 

48 

1. 115 

0.606 

0.0579 

49 

I.186 

0.645 

0.0616 

50 

1. 261 

0.686 

0.0655 

51 

1.338 

0.727 

0.0695 

52 

I.418 

0.771 

0.0736 

53 

1. 501 

0.816 

0.0780 

54 

1.588 
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0.0824 

55 

1.678 
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65 

1.771 
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57 

1.867 

I.016 
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58 
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59 

2.07 

1.726 
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60 

2.18 
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61 

2.29 
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62 

2.40 
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64 

2.64 

1.438 
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65 

2.77 
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66 

2.90 
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67 

3.03 

I  649 

0.1575 

68 

3.17 

1.724 

0.1646 

69 

3.31 

1.802 

0.1720 

70 

346 

I.881 

0.1796 

71 

3.61 

1.963 

0.1874 

72 

3.76 

2.047 
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73 

3.92 

2.133 

0.2037 

74 

4.09 

2.222 

0.2122 

75 

4.25 

2.313 
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76 

4.43 

2.407 

0.2298 

77 

4.60 

2.504 
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78 

4.78 

2.602 
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79 

4.97 

2.704 

O.25S2 

80 
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81 

5.36 

2.91 
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NOTES  ON  SOnE  BLOWPIPE  TESTS. 

By  Joseph  W.  Richards.. 

Received  January  >$,  190Z. 

Closed  Tube  Test. — This  test  may  easily  be  made  quantitative 
for  approximate  determinations  of  water,  volatile  sulphur,  etc. 
A  weighed  amount  of  material  is  put  into  the  tube,  tapped  down, 
and  heated  regularly.  The  upper  part  of  the  tube  containing  the 
sablimate  is  then  nicked  with  a  file  and  broken  off.  If  water  is 
being  determined,  two  small  corks  are  put  into  its  ends,  to  prevent 
evaporation.  The  piece  of  tube  and  sublimate  are  then  weighed  ; 
then  the  tube  is  heated  until  the  sublimate  is  driven  off,  and 
TOghed  again.  The  results  on  pyritic  ores  have  proved  satis- 
factory. Apiece  of  gothite  gave  10.28  percent,  water;  theo- 
ry requires  10. 1 1  per  cent.     Time,  five  minutes. 

Open  Tube  Test, — ^The  behavior  of  the  antimony  coat  is  some- 
times different  from  that  usually  described  in  the  books.  The 
entirely  volatile  oxide,  Sb,Os,  is  sometimes  the  only  product,  not 
a  trace  of  the  non- volatile  SbjO^  being  formed.  I  have  observed 
this  in  aUemontite,  dyscrasite,  and  ullmannite,  particularly.  It 
takes  nearly  a  red  heat  to  volatilize  this  coating,  and  if  the  upper 
end  of  the  tube  from  which  the  vapors  are  escaping  be  held  in  the 
flame,  the  latter  is  colored  pale  yellowish  green  (arsenic,  pale 
blue).  Penfield  is  the  only  writer  who  mentions  the  formation 
of  this  volatile  coating  exclusively  by  some  minerals,  but  his 
experience  as  to  which  give  it  does  not  exactly  coincide  with 
mine. 

It  is  important  when  testing  in  the  open  tube,  if  any  substance 
whatever  does  not  give  a  sublimate  in  lump,  to  powder  it,  and 
finally  to  heat  wnth  the  blowpipe  flame  from  the  outside  as  hot  as 
the  glass  will  stand.  Some  sulphides,  such  as  sphalerite  and 
argentite,  do  not  roast  until  thus  heated.  With  these  precau- 
tions, the  test  is  uniformly  reliable. 

Flame  Tests. — When  testing  for  phosphoric  acid,  the  assay  on 
platinum  wire  is  touched  when  hot  to  concentrated  sulphuric  acid, 
and  brought  into  the  outside  edge  of  the  Bunsen  flame  as  low  down 
as  possible,  and  as  slowly  as  possible.  By  thus  proceeding,  phos- 
phorus can  be  infallibly  detected  in  any  combination,  according 
to  my  experience,  thus  rendering  unnecessary  the  ammonium 
molybdate  test.     The  flame  is  slightly  bluish  green  close  to  the 
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vire,  grayish  green  a  short  distance  away,  and  yellowish  green 
arther  off. 

When  testing  similarly  for  boron,  the  assay  should  be  held 
lightly  higher,  say  an  inch  higher,  in  a  hotter  part  of  the  Same. 
AHien  testing  for  boron  with  Turner's  mixture,  it  is  an  advantt^ 
o  moisten  the  mass  to  a  paste  with  a  drop  of  concentrated  sul- 
ihuric  acid,  and  then  put  moist  into  the  edge  of  the  flame. 

Reduction  to  Metal. — When  reducing  with  soda  on  charcoal,  if 
in  assay  proves  very  refractory,  it  is  uniformly  of  advantage,  and 
lever  deleterious,  to  add  some  borax  to  the  assay.  This  is  par- 
;icularly  useful  in  reducing  tin  oxide,  and  is  to  be  preferred  to 
x)tassiiim  cyanide  because,  of  its  harmlessness. 

Test  for  Fluorine. — The  fusion  with  potassium  bisulphate  de- 
x)mpo5es  any  fluoride,  but  the  test  of  the  vapors  with  Brazil 
wood  paper  is  not  reliable.  Light,  air,  and  age,  seem  to  deteriorate 
rapidly  the  sensitiveness  of  the  paper,  I  have  found  it  more  re- 
iable  to  make  the  fusion  iu  a  rather  large  closed  tube,  of  say  5  to 
}  mm.  diameter,  heating  regularly  with  the  tube  almost  horizontal. 
The  silica  rii^  deposits  just  above  the  assay,  and  the  odor  of  the 
^s  is  often  quite  plain.  Cool  the  tube,  nick  it  below  the  silica 
ring,  break,  and  hold  the  upper  end  vertically  under,  and  close  to 
:he  nose.  At  this  instant  the  odor  of  hydrofluoric  add  will  be 
perceived  with  certainty,  if  any  has  been  driven  off,  and  by  a  Uttle 
experience  the  odor  can  be  distinguished  with  as  much  certainty 
IS  the  smell  of  ammonia.  A  still  more  conclusive  proof  consists 
in  letting  water  run  slowly  over  the  silica  ring.  If  it  is  merely  a 
sublimate  of  a  volatile  salt,  it  will  be  dissolved  and  disappear ;  if 
it  is  the  true  silica  ring,  it  will  become  gelatinous,  seen  under  the 
lens,  and  on  carefully  drying  the  tube  the  white  ring  is  again 
itrongly  in  evidence. 

Test  for  Arsenates. — All  give  the  arsenic  odor  and  coat  on  char- 
:x)al,  but  sometimes  so  slowly  as  easily  to  escape  detection.  Mix- 
ing with  charcoal  dust  and  soda,  and  fusing  in  the  closed  tube  or 
jpen  tube  does  not  invariably  give  metallic  arsenic  or  the  oxide, 
JO  account  of  the  heat  being  insufficient  to  reduce  some  arsenates, 
'..  g. ,  of  zinc.  Putting  this  mixture  in  the  lower  end  of  an  open 
tube,  and  playing  on  it  with  the  reducing  flame  of  the  blowpipe 
iirected  into  the  tube,  will  always  give  the  arsenic  coating.  All 
mercury  compounds  are  also  thus  reduced,  and  deposit  a  mercury 
gating,  and  it  is  a  good  means  of  testing  for  antimouates,  tellu- 
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rates  and  selenates,  while  ammonium  compounds  give  ammonia  gas. 
Test  for  Silica  in  the  S.  Ph,  Bead. — Many  silicates  are  attacked 
rapidly,  the  bases  dissolved,  and  the  silica  left  either  in  flocks  or  as 
a  skeleton.  However,  on  long  blowing,  some  silica  dissolves  in  the 
bead,  and  if  only  a  small  piece  of  mineral  is  used  and  the  blow- 
ing is  strong,  all  may  dissolve  up  clear.  Hirschwald  determined 
that  the  bead  can  dissolve  2.5  per  cent,  of  its  weight  of  silica ; 
my  tests  have  shown  close  to  2  per  cent,  but  that  more  can  be  dis- 
solved if  other  bases  are  present.  For  instance,  the  bead  dissolves — 

2.25  per  cent,  of  silica  if  no  other  base  is  present, 

2.25        '*         **      "     '*    3.S5  per  cent,  of  alumina  is  present, 

3.03  **         "      *•     **    8.52        "        "    lime 

3.40        "         "      **     '•    3.17        "        "      "  **        *• 

4.04  *'         "      "     **  10-91        **        "    zinc  oxide  is  present 

It  results  from  this  behavior,  that  in  silicates  rich  in  bases,  an 
amount  of  mineral  equal  to  even  30  per  cent,  of  the  weight  of  the 
bead  (as  in  thaumasite)  may  be  dissolved  up  clear.  Two  obser- 
vations will  obviate  this  difficulty.  If  the  mineral  is  not  white, 
as  it  is  attacked,  the  edges  will  become  white  and  dear  as  it  is 
being  dissc4ved,  and  the  presence  of  silica  thus  proved.  If  the 
piece  is  white  or  clear,  the  blowing  must  be  interrupted  several 
times,  and  then  with  the  lens  the  silica  can  be  recognized  floating 
kthe  bead.  If  the  bead  is  clear,  a  further  addition  of  a  lump, 
say  one- third  the  size  of  the  bead,  will  always,  on  further  blowing, 
cause  the  opalescent  milkiness  due  to  silica.  By  attending  to 
these  points.  I  think  that  silica  can  be  found  with  certainty  in  all 
these  silicates  which  are  easily  decomposed. 

A  different  case  is  presented  by  those  silicates  which  are  atr 
tacked  slowly  and  dissolve  en  masse,  without  showing  a  skeleton. 
They  are  not  numerous,  and  are  principally  the  silicates  of  alu- 
minum, glucinum,  or  zirconium.  In  such  cases,  by  long  blowing 
(five  minutes),  enough  silica  is  usually  dissolved  in  a  small  bead 
to  make  it  milky  opalescent,  which  silica  alone  produces  when 
present  in  such  a  small  amount  as  even  less  than  three  per  cent. 
The  presence  of  silica  can  thus  be  proved.  The  minerals  which 
dissolve  slowly  in  salt  of  phosphorus  and  do  not  contain  silica  are 
principally  corundum,  diaspore,  chrysoberyl,  cassiterite,  spinel, 
chromite,  gahntte,  and  xenotime.  They  should  be  brought  to 
mind  and  kept  in  consideration  in  connection  with  such  few  sili- 
cates as  dissolve  very  slowly  like  the  above. 

Blowpipe  1,aboratory,  IfSBiOH  Unxvbrsity, 
January  17,  1901. 
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NOTES  ON  SUGAR   BEETS. 
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OBTAINING  THE  TARE. 

AT  the  different  beet-sugar  factories  in  Michigan,  two  methods 
are  used  for  finding  the  amount  of  tare  (dirt  adhering  to 
the  beets). 

I ,  A  half  bushel  of  beets  is  taken  from  each  wagon  or  car,  as  a 
sample,  satisfactory  to  both  the  fanner  and  the  factory  represen- 
tative. From  this  sample  ao  or  25  pounds  are  carefully  weighed. 
These  beets  are  then  well  brushed  with  bristle  brushes,  and 
retopped  if  the  whole  of  the  crown  has  not  been  removed.  The 
beets  are  again  weighed  and  the  loss  in  weight  computed  to  per 
cent,  is  reported  as  the  amount  of  tare. 

s.  The  weighed  sample  is  washed  in  a  revolving  washer,  allowed 
to  drain  for  a  few  minutes,  retopped  if  necessary  and  again 
weighed.  The  loss  in  weight  is  reported  in  terms  per  cent.  The 
second  method  requires  less  labor  and  is  more  rapid.  It  is  also 
more  nearly  in  accord  with  the  factory  operation.  The  first 
method  fails  to  remove  every  particle  of  dirt,  but  does  remove 
many  small  rootlets  and  a  small  amount  of  the  outside  of  the  beets, 
especially  if  they  have  been  frozen. 

In  method  2,  the  adherent  water  tends  to  decrease  the  amount 
of  tare.  In  the  following  series  of  experiments  made  at  one  of 
the  Michigan  factories,  care  was  exercised  to  make  both  samples 
from  each  load  as  representative  as  possible. 

Tan  by  method  i.  Tare  by  metliod  i. 
No.  □{wmple.  PerctDt.  Perceat.  Difference. 

I  8.75  6*5  +a-5o 

a  10.00  8.75  +i-'S 

3  13-75  '3-75  000 

4  7-50  750  0.00 

5  500  6.25  -1.15 

6 ai.as  "SO  — 1.*5 

7  8.7S  6.35  -fa.so 

8 io,cw  7,50  -I-3-50 

9  "-as  ii-as  oo" 

Average 10. 14  10,00  4-0.14 

A  further  advantage  of  the  second  method  is  that  frozen  beets 
may  be  tared  at  once  using  warm  water  in  the  washer. 


NOTES  ON  SUGAR   BEETS.  217 

ANALYSIS  OP  THE  SAMPLE. 

The  percentage  of  sugar  in  the  beet  is  determined,  in  all  the 
Michigan  factories,  by  the  indirect  method  of  juice  analysis,  using 
a  factor  to  express  the  results  in  terms  of  per  cent,  in  the  beets. 
A  brief  rdsum6  of  the  methods  employed  may  be  of  interest. 

A  portion  of  the  tared  sample  (usually  longitudinal  quarters  of 
six  or  eight  beets)  is  pulped  in  a  revolving  grater.     The  pulped 
sample  is  mixed,  pressed  in  a  lever  press,  and  the  juice  sent  to  the 
chemist  for  analysis.     Factory  methods  vary  somewhat  at  this 
point:  (i)  The  sample  is  allowed  to  stand  for  fifteen  or  twenty 
minutes  to  allow  the  air  bubbles  to  escape,  after  which  the  Brix 
reading  is  taken  with  correction  for  temperature  ;  then  100  cc.  of 
the  sample  are  poured  into  a  double  graduated  flask  ( loo-i  10  cc. ) , 
and  10  cc.  of  basic  lead  acetate  solution  added.     If  foam  renders 
filling  to  the  mark  difficult,  a  drop  of  ether  or  alcohol  is  used.    The 
sample  is  thoroughly  mixed,  filtered  through  a  dry  filter  and  polar- 
ized. The  per  cent,  of  sugar  in  the  juice  is  given  in  Schmitz's  tables, 
and  the  factor  adopted  by  the  factory  is  used  to  express  the  results 
in  terms  of  per  cent,  sugar  in  the  beet.     (2)  After  the  Brix  read- 
ing a  double  normal  sample  (52.1  grams)  is  measured  with  a  su- 
crose pipette,  which  has  a  graduation  on  the  stem  indicating  the 
amonnt  to  be  taken  for  the  different  degrees  Brix.     The  pipettes 
have  been  graduated  with  a  pure  sugar  solution,  and  are  not 
strictly  accurate  for  beet  juices,  but  the  error  is  well  within  the 
range  allowed  by  commercial  methods.     The  sample  is  transferred 
to  a  graduated  flask,  100  or  200  cc. ,  6  or  8  cc.  of  lead  acetate  solu- 
tion added,  the  flask  filled  to  the  mark,  and  the  sample  mixed, 
filtered,  and  polarized.     If  100  cc.  flasks  are  used,  one-half  the 
reading  gives  the  per  cent,  sugar  in  juice,  and  the  factor  gives 
per  cent,  in  beet.     (3)  A  double  normal  sample  of  the  juice  is 
weighed  on  a  balance  sensitive  to  10  mg. ;  then  proceed  as  in  (2). 
All  the  methods  give  results,  the  commercial  accuracy  of  which 
cannot  be  questioned.    Method  ( i )  by  employing  a  larger  sample 
reduces  the  errors  of  manipulation  and  reading,  and  is  thus  pre- 
fened  by  the  writer. 

THE  FACTOR  TO  SHOW  THE  RELATION   BETWEEN  SUGAR  IN  JUICE 

TO  SUGAR  IN  BEET. 

The  true  factor  to  represent  the  relation  of  sugar  in  juice  to 
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sugar  in  beet  has  been  the  subject  of  some  controversy  and  hard 
feeling  between  the  farmers  and  the  factory  managers.  Dnriog 
the  campaign  of  a  year  ago  some  of  the  Michigan  factories  used 
the  factor  0.95,  others  as  low  a  factor  as  0.90,  and  it  was  claimed 
that  one  factory  used  a  factor  of  0.87.  The  factor  0,95  was  for- 
merly employed  by  the  German  chemists  and  was  based  on  the 
fact  that  the  marc  in  the  beet  is  usually  not  far  from  5  per  cent. 
Scheibler's  method  of  direct  beet  analysis  showed  the  error  of 
this  assumption,  and  has  brought  about  the  abandonment  of  this 
factor  on  the  continent.'  During  the  fall  and  winter  of  1899  the 
writer  made  a  series  of  twenty-five  analyses  (method  of  operation 
given  below)  to  determine  this  factor  and  found  as  an  average 
0.919,  with  a  maximum  of  0.956,  and  a  minimum  of  0.875.  1^' 
table  of  results  as  given  below  is  arranged  not  in  order  of  the 
analyses  but  in  order  of  the  value  of  the  factor. 

Sngar  In  juice.  Sonr  In  beet. 

No.  of  sample.                                                   Percent.  Percent.  Fidor. 

1 14-6  13.8  0.87s 

J 15-4  13.6  0.880 


.  14.1  "7  a899 

14.8  13.6  0.901 

■  15-5  140  0.903 

-  16,9  15.4  0.911 

■  15.3  14.0  0.91s 

■  15-3  14.0  0.9IS 

•  14-4  '3-3  0-917 
.  16.8  15.4  0.917 

-  16.8  15.4  0.917 
.  16.7  15.4  0.911 

•  15.7  14.5  0-934 
.  15,1  14.0  0.917 

-  15-6  14.5  0.919 

■  15-1  14-1  0-934 

■  11.4  10.7  0.938 
.  15-3  14.4  0.941 

■  >5-7  15-0  0.9SS 
7  0.955 


.   iS-8 


Average 

on:  "ZucttrFah 
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MBTHOD  OP  ANALYSIS  IN  DETBRMINING  FACTOR. 

The  finely  pulped  samples  are  well  mixed  and  duplicate  sam- 
ples are  weighed  for  determination  of  sugar  in  beet  by  the  hot 
alcohol  digestion  method.     The  remainder  of  the  pulp  is  pressed 
in  a  lever  press,  and  the  juice  analyzed  by  the  methods  previously 
described.    The  samples  of  pulp,  52.  i  grams,  are  transferred  to 
a  201. 2  cc.  flask,  6  to  8  cc.  of  basic  lead  acetate  solution  are  added, 
and  the  flask  is  then  filled  three-fourths  full  of  90  per  cent,  alcohol. 
After  the  flask  is  fitted  with  a  condenser  tube  it  is  heated,  im- 
mersed in  a  water-bath,  for  thirty  minutes.     Care  must  be  taken 
that  the  alcohol  does  not  boil  so  violently  as  to  force  the  pulp  and 
jnioe  into  the  condenser  tube.     The  condenser  tube  and  the  neck 
of  the  flask  are  then  rinsed  with  alcohol,  and  the  flask  filled  nearly 
to  the  mark,  the  flask  being  turned  from  side  to  side  to  insure  the 
roDoval  of  all  air  bubbles.     The  flask  is  then  returned  to  the 
water-bath  for  three  or  four  minutes,  or  until  the  alcohol   is 
beated  nearly  to  boiling.     The  contents  of  the  flask  are  then 
cooled  to  about  17.5^.     The  flask  is  filled  to  the  mark,  thoroughly 
shaken,  and  the  contents  filtered  through  a  dry  filter,  and  polar- 
ized.   In  the  filtering,  the  funnel  must  be  covered  to  prevent 
evaporation  of  the  alcohol,  and  the  temperature  of  the  room  must 
be  as  nearly   17.5°  as  possible.*    The  reading  of  the  polariscope 
gives  the  per  cent,  of  sugar  in  the  beet  direct.     The  sugar  in  the 
juice  divided  by  the  sugar  in  the  beet  gives  the  factor. 

During  the  campaign  of  a  year  ago,  shortly  after  the  writer  had 
made  the  analyses  reported  above,  Mr.  £.  E.  Bwell,  first  assist- 
ant chemist  of  the  Department  of  Agriculture,  was  called  into  the 
state  to  examine  the  working  of  one  of  the  beet-sugar  factories, 
aod  made  eight  analyses  to  determine  the  factor.  He  reported' 
an  average  factor  of  0.9275,  maximum  0.945,  minimum  0.902. 

During  the  present  campaign  the  Holland  Sugar  Co.,  of  Hol- 
land, Michigan,  saves  a  handful  of  pulp  from  every  sample  ana- 
lyzed, and  for  every  ten  sam|des  tiiis  pulp  is  mixed  and  analyzed 
by  hot  water  digestion.  This  establishes  a  factor  for  every  ten 
samples.  During  three  weeks  in  October  they  reported  to  the 
writer  the  finding  of  average  factors  of  0.91,  0.913,  and  0.912. 

The  writer  has  made  a  number  of  analyses  of  beets  grown  the 
past  season  in  a  further  study  of  this  problem,  with  the  following 

» See  WUey :  Thia  Joarnal,  ai,  568  (i«99). 
•  Hooie  Boomient,  No.  699,  p.  146. 
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Average  factor  0.917,  minimum  0.8S3,  maximum  0.953. 

Snnr  in  Juice.   Sugar  in  beet. 
tier.  Purity.  Per  cent.  Per  wot  Factor. 
81-4                  13.6                  J2-2 


'3-4 


.   78.0 
■83.1 


■   77-1 


.918 


Average 80.5  13.9  11. 8 

Mr.  Ewell,'  iu  his  report,  calls  attention  to  reasons  why  there 
should  be  so  great  variations  in  the  relation  existing  between  the 
sugar  in  the  juice  and  that  in  the  beet  as  a  whole.  It  is  quite 
e\'ident  that  the  average  factor  expressing  this  relation  lies  between 
3. 91  and  0.92.  If  any  one  grower  of  beets  has  a  large  number  of 
loads  to  deliver  and  thus  obtains  the  average  of  many  analyses 
the  use  of  an  average  factor  will  not  work  injustice  to  either  party. 
On  the  other  hand  the  average  of  a  few  samples  only,  may  work 
an  injustice  to  the  grower  or  to  the  factory. 

Owing  to  the  great  number  of  analyses  made  daily  at  the  fac- 
tories (100  to  300),  the  chemists  are  forced  to  use  the  indirect 
method  of  juice  analysis.  The  hot  alcohol  digestion  method  is 
too  slow  and  also  too  expensive.  The  hot  water  digestion  method, 
although  more  rapid  than  the  hot  alcohol  digestion,  is  yet  too  slow 
for  factory  use  under  present  factory  conveniences.  The  instan- 
taneous diffusion  method  of  Pellet*  can  be  made  rapid  enough 
for  factory  work,  but  so  far  as  I  am  aware,  it  has  not  yet  super- 
seded the  indirect  method  in  any  of  the  sugar  factories  in  this 
country.  Difficulty  is  experienced  in  pulping  the  beets  suffictend; 
fine  to  insure  accuracy  of  results.  Theoretically  every  cell  wall 
should  be  broken.  The  sugar  does  not  diffuse  throi^h  the  cell 
waits  with  cold  water  until  after  the  cell  walls  have  been  heated.' 
THE  MARC  AND  THE  FACTOR. 

It  has  been  shown  that  the  old  factor  0.95,  based  on  the  ap- 
proximate 5  per  cent,  of  marc,  has  no  justification.    A  few  actual 
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determinations  of  marc  and  factor  in  the  same  sample  will  be  of 
interest.  The  marc  (insoluble  fiber)  determinations  were  made 
as  directed  by  Fniehling  and  Schulz.' 


Xunber. 

1  .. 

2  .. 

3  •• 


Marc. 
Per  cent. 


Sugar  in  juice.  Sugar  in  beet. 
Per  cent.         Per  cent 


4.47 
4.53 
4.14 
5.20 

4.42 


13.58 

13.48 

11.43 

14.4 
14.2 


12.17 

".53 
10.66 

"3 

10.3 


Factor. 
0.896 
0.930 

0.933 

0.785 
0.725 


Factor  on 
basis  of  marc. 

0.9553 
0.9547 
0.9586 

0.9480 
0.9558 


VARIATIONS   OF   SUGAR   CONTENT    IN     BEETS    GROWN    UNDER 
APPARENTLY  UNIFORM  CONDITIONS. 

Complaint  has  been  made  at  different  factories  in  the  state  that 
tgvo  loads  of  beets  drawn  from  the  same  field,  and  often  from  the 
same  pit,  wotdd  vary  several  per  cent,  in  sugai;  content.  At 
Marine  City  this  year  an  average  sugar  content  for  about  60  acres 
of  beets  for  oae  man  was  14  per  cent. ,  yet  from  the  same  field  one 
load  gave  11.8  per  cent,  and  another  18  per  cent.  This  varia- 
tion is  in  part  due  to  the  variable  factor  as  discussed  in  the  sec- 
tion above,  and  also  in  the  variation  in  the  sugar  content  in  beets 
pown  under  apparently  uniform  conditions. 

The  writer  raised  a  small  patch  of  beets  last  season,  about  25 
by  50  feet,  planting  them  in  rows  16  inches  apart,  and  thinning 
to  about  9  inches  in  the  row.  From  the  patch  1 20  beets  were 
selected  that  were  of  good  form  and  size.  Each  of  these  beets 
were  analyzed  separately  for  sugar  content  some  six  weeks  after 
they  had  been  pulled.  The  average  sugar  content  was  12.61  per 
cent ;  the  lowest  was  8.7  per  cent.,  and  the  highest  18.2  per  cent. 
Of  these  120  beets: 

I  beet  contained  between    8  and    9  per  cent,  sugar  (8.7). 


I 

9 

10 

14 

10 

II   * 

22 

II 

12   ' 

39 

12 

13   * 

19 

13 

14   ' 

18 

14 

15   * 

4 

15 

16   * 

I 

16 

n     * 

0 

17 

18  • 

I 

18 

19  ' 

(18.2). 


^ "  Anldtuag,"  5th  edition,  p.  185. 

'  Sfttnple  No.  4  consisted  of  a  veiy  large  hollow  beet,  but  not  decayed. 

I  Sample  No.  5  consisted  of  three  green  beets. 
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It  is  sarprisiog  that  beets  grown  under  a[^>arently  nnifonn  coo> 
itions  of  soil  and  cultare  should  show  such  a  range  of  sugar  con. 
;nt.  The  variation  of  sugar  oontent  in  individual  beets  shows 
iie  necessity  of  taking  similar  poititms  of  several  beets  for  the 
ample  rather  than  the  whole  of  one  or  two  beets. 

The  purity  (percentage  of  sugar  in  total  solids)  in  ten  samples 
rom  the  same  patch  of  beets  averaged  80.5  per  cent,  and  ranged 
rom  77.1  to  84.7,  as  shown  in  the  table  on  page  220. 

COMPARISON  OP  ANALYSES  BY  DIGESTION  WITH  HOT  ALCOHOL 
AND  HOT  WATER. 

The  German  chemists  have  adopted  the  digestion  with  hot 
Icohol  as  the  standard,  while  the  French  chemists  rely  upon  the 
igestion  with  hot  water.  It  will  be  of  interest  to  compare  the 
isults  of  the  two  methods.  The  samj^es  of  beets  were  all  grated 
n  a  hand  vegetable  grater,  thoroughly  mixed,  and  double  nonoal 
unples  wdghed  for  analysis.  The  time  of  digestion  was  one- 
alf  hour  in  all  cases.  The  general  fian  of  manipulation  as  given 
1  Fruebling  and  Schulz'  was  followed.  Duplicate  samples  were 
dcen  in  every  case,  three  readings  being  made  for  each  samite, 
'he  per  cent,  reported  in  the  following  table  is  the  average  of  the 
ix  readings. 

Alcohol  •Ktceslloii.    Water  dig[eil<oa.       DIfferetiM. 

Ko.  of  lunple.                                 Per  c«Dt.  tagti.        Ter  ceat.  ■ugBT.  Per  ccDl. 

I "SO  tl.30  — o.a 

a "65  1*59  -006 

3 »3-30  1320  —0.1 

4 II  90  I'-TS  -0-17 

5 15-48  15.»8  -o-» 

6 16.00  15.79  — o.ai 

7 15°*  "466  —0,4 

8 11.81  11.81  0.00 

9 '3-33  13-44  +o.ai 

10 12.70  13-05  +0.35 

II 13.10  13.0a  —0.06 

la ia-»9  ".7J  +0.43 

"3 1354  i3-»4  -0.3 

14 I3-M  13-11  -0.09 

15 11-86  la.ig  -H0.33 

16 12.63  i»-96  +0.33 

17 13-88  13.64  — o.a8 

18 13.98  13.98  0.00 

19 16.68  16.53  — 0.IS 

Averse 13.41  13.43  —0.0a 

1  Im.  cil;  pp.  iSo  lod  tBi. 
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The  average  of  error  between  the  two  methods  is  scarcely  greater 
in  any  case  than  would  be  likely  to  occttr  in  ordinary  duplicate 
analyses.  Certainly  the  above  results  do  not  indicate  that  o.  2  per 
cent,  should  be  deducted  from  all  hot  water  digestions  to  give  the 
correct  data,  as  was  maintained  to  the  writer  last  winter  by  a 
German  sugar  chemist. 

THB  MCHBST  PORTION  OP  THB  BEET. 

In  answer  to  many  inquiries  some  analy^s  were  made  tending 
to  show  what  portion  of  the  beet  has  the  greatest  sugar  content. 
The  samples  were  all  carefully  topped  at  the  leaf  line,  thoroughly 
brushed  and  divided  horizontally  into  approximately  three  equal 
portions.  The  samples  were  grated  by  hand,  carefully  mixed 
and  analyzed  by  the  hot  water  digestion  method.  The  results 
are  given  in  the  following  table  : 

Upper  portion         Middle  portion       I,ower  portion, 
ofoeet.  of  beet.  of  beet. 

Ko.  of  sample.  Percent,  sugar.     Per  cent,  sugar.       Percent,  sugar. 

I 11.20  13.20  13.50 

3 IX.60  13.30  11.60 

3 9.93  9.98  9.73 

4 II. 16  Z3.64  13.87 

5 XI. 70  13.90  10.80 

6 10.10  11.30  10.30 

7 11.60  12.10  14.30 

8 9.X0  10.40  11.10 

9 10.50  12.40  10.10 

10 11.08  13.3  13.00 

Average 10.9  13.2  11. 7 

Where  only  p&rtians  of  beets  are  used  to  make  up  the  sample 
ior  analysis,  a  full-length  longitudinal  section  should  be  taken, 
and  the  same  fractional  portion  of  each  beet. 


iCONTRIBUnONS  PROM   THB  SHEFFIELD    LABORATORY  OF  YaLE  UNIVER- 
SITY.] 

ON  THIOUREAAniDINES :  A  CORRECTION. 

BT  HEKftY  Z,.  WhBBLSR. 
Receired  Febniai7  9,  igoi. 

RECENTLY  Wheeler  and  Sanders*  published  an  article  on 
ureaimido  esters,  thioureaimido  esters,  acylthioureaimido  es- 
ters and  ureaamidines.  An  examination  of  the  behavior  of  the 
weaimido  esters  towards  organic  bases  showed  that  they  reacted 

*  Thit  Joumal,  M,  365. 
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in  every  case.  For  example,  phenylureaimidoisobutyl  benzoate 
and  aniline  reacted  as  follows  : 

.NCONHC.H, 
C.H.C^  +  H,NC,H4  = 

^NCONHC.H, 
C,H.Cf  +  C.H,OH. 

In  other  words  this  ureaimido  ester  behaved  in  the  normal  manner 
with  aniline,  and  an  amidine  was  formed,  as  was  shown  by  anal- 
ysis. That  this  is  correct  has  now  been  thoroughly  established 
by  the  preparation  of  the  above  ureaamidine  from  benzenyl- 
phenylamidine'  and  phenyl  isocyanate. 

When  the  corresponding  thioureaimido  esters  and  acylthiourea- 
imido  esters  were  treated  with  aniline,  /S-naphthylamine,  >-ania- 
dine,  etc, ,  products  were  obtained  which  from  analogy  were  as- 
sumed by  the  writer  to  be  thioureaami dines,  although  in  the  6ve 
cases  described  the  determinations  of  nitrogen  invariably  came 
low.  It  was  at  that  time  thought  that  these  results  were  due  to 
the  fact  that  the  compounds  bum  with  great  difficulty.' 

After  the  above  was  published  it  was  found  that  our  analytical 
results  agreed  better  with  those  calculated  for  the  corresponding 
thiourea  derivatives  (column  B,  below)  than  with  those  of  the 
supposed  thioureaamidines  (column  A).  The  thiourea  deriva- 
tives have  now  been  prepared,  and  a  comparison  of  these  with 
our  so-called  thioureaamidines  shows  that  the  compounds  are 
identical. 

The  following  correction  is  therefore  to  be  made  in  our  work  : 

Benzenyl  pbenylthiourea-^-Bnisylamidine phenyl-^anisylthiourea. 

BeazenylphenylthiouTeapheDylaniidine diphenylthiourea. 

BenzeDylphenyltbiourea-ft-tiapIithjIaiiiiiline  .  phenyl -^naph thy Ithiourea. 

Ben  zenylbenzoylthioureaphenylaaii  dine benzoylphenylthiourea. 

Benzenylbenzoylthiourea-o-tolylamidine benzoyl-o-tolylthiourea. 

It  has  also  been  found  that  the  true  thioureaamidines  are  deci- 
dedly different  from  our  previously  described  products.  Two  ex- 
amples of  these  have  been  prepared  by  combining  benzenylphenyl- 
amidine  with  phenyl  mustard  oil  and  benzoylrbodacide,  respec- 
tively.    The  action  of  organic  bases  on  the  thioureaimido  esters, 

'  Prepared  by  Pechnunn's  metliad  ;  Ber.  d.  chem.  Git.,  JO,  l-fii  (189T). 
>  For  mn  example  of  flucb  ti  case,  sec  bcnzoyl-m-chlorphenylurea  anil  the  oorrespond' 
lUgUiloureB.    Wheeler  and  Johnson  ;  Am.  Chem.  J.,at,  jjo{i9oo). 
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therefore,  proceeds  as  follows,  giving  a  thiourea  derivative  and 

an  imido  ester  or  its  reaction  products  : 

>,NCSNHC.H, 
C.H,cf  +  H,NC.H.  = 

C,H,NHCSNHC,Hj  +  CeH.CCOCjHJ  =  NH. 
The  reaction  is  unique  inasmuch  as  it  differs  from  that  of  both 
oxygen  analogues  and  acylimido  esters.^  It  may  also  be  added 
that  phenylthioureaimidoisobutyl  benzoate  gave  phenylthiourea 
with  aqueous-alcoholic  ammonia  ;  and  that  benzoylthiourea  was 
obtained  from  benzoylthioureaimidomethylphenyl  acetate  and 
pbenylhydrazine.' 

EXPERIMENTAL  PART. 

Benzenylphenylureaphenylamidine^  C^H^C^  ,  was 

^NHC,H, 

prepared  by  dissolving  2  grams  of  benzenylphenylamidine  in  ben- 
zene and  adding  the  calculated  quantity  of  phenyl  isocyanate  (1.2 
grams),  whereupon  the  ureaamidine  separated  at  once.  It  was 
found  to  be  diflScultly  soluble  in  alcohol,  more  readily  in  benzene, 
from  which  solutions  it  separated  in  the  form  of  fine  needles  melt- 
ing sharply  from  179^-180®.  It  was  identical  in  appearance  and 
properties  with  the  product  obtained  from  phenylureaimidoiso- 
botyl  benzoate  and  aniline. 

Bemenylphenylthiaureaphenylamidine^  CjHjC^  . — 

\nhc,h, 

Two  grams  of  benzenylphenylamidine  and  1.3  grams  of  phenyl 
mustard  oil  were  mixed,  and  fused  on  the  water-bath.  On  warm- 
ing for  a  few  minutes,  the  mixture  solidified.  It  was  then  crys- 
tallized from  benzene,  whereupon  fine  needles  or  prisms  separated, 
melting  at  138^.  This  material  had  neither  the  appearance  nor 
properties  of  the  substance  previously  described  under  this  name. 
A  nitrogen  determination  gave  : 

Calculated  for 
CjoHnNjS.  Found. 

Nitrogen 12.68  12.60 

Phmylihioureaimidoisobutyl Benzoate  and  Aniline^gdiVQ  a  product 
crystallizing  from  alcohol  in  plates  wliich]^melted|at  I5i°-i52°.' 

'  Wheeler  and  Walden:  Am.  Chem.  /.,  ao,  •)6S,  (i^^gS). 

^Loccit. 

*Loc.dt. 
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A  specimen  of  Kahlbaum's  thiocarbanilide  had  the  same  appear- 
aoce  and  properties,  and  when  a  portion  was  mixed  with  this 
material  the  melting-point  was  not  altered. 

CalcaUtcd  for  Calculated  for 

CtHiC(NHC(Hi)-NCSNHCaH(.       CgHtNHCSNKCiHi. 

CmHitNiB.  CitIIi4N|3.  Ponnd. 

Mitrogen-.     13.6  la.a  ii.o 

This  material  is  therefore  dipbenylthiourea. 

Phenyltkiaureaimidomethyl  BenxoaU  and  Paraanisidine  gave  > 
product  which,  when  crystallized  from  alcohol  and  amyl  acetate, 
melted  at  about  t8o°.'  On  mixing  phenyl  mustard  oil  and^-anisi- 
dine,  the  compounds  combined  with  evolution  of  heat.  When 
the  white  mass,  thus  formed,  was  crystallized  from  amyl  acetate  it 
melted  at  170"  ;  on  crystallizing  then  from  alcohol  it  melted  at 
about  180"  and  seemed  to  be  identical  in  every  respect  with  the 
compound  previously  obtained  from  the  ureaimido  ester  and 
/-anisidine.  An  analysis  of  the  substance  obtained  in  the  latter 
manner  gave : 

Calculated  for  dslculated  for 

CtHiC(NHCH40CH,)=NC3NHCHj.  C,BfNHCSNHC,H,OCe,. 

Ci^ltONiS.  CiOfuONiS.  Pound. 

Nitrogen 11. 6  lo.S  10.  i 

The  substance  is  therefore  phenyl-/-anisylthiourea,  possibly 
mixed  with  some  dianisylthiourea'  which  melts  at  185°  and  con- 
tains 9.7  per  cent,  of  nitrogen,  and  which  may  result  on  repeated 
crystallizations  of  the  mixed  thiourea. 

PhenylthioureaimidoUobutyl  BenzoaU  and  ^-NaLpkikylamine^vi 
a  compound  which,  when  crystallized  from  alcohol  and  amyl  ace- 
tate, formed  minute  plates,  and  melted,  not  sharply,  at  iBa'-rSs". 
This  compound  should  be  phenyl-/$-naphthylthIourea,  which, 
Mainzer"  states,  meltt  from  iss'-isy",  but  which  melts  higher  on 
repeated  crystallizations,  apparently  undei^oing  decomposition. 
According  to  Preund  and  Wolf*  it  melts  at  165°.  I  have  found 
that  when  phenyl  mustard  oil  and  /9-naphthyIamine  are  mixed 
and  the  product  crystallized  once  from  amyl  acetate  it  melts  at 
i77°-i82°.  On  boiling  this  product  with  alcohol  it  melted,  not 
sharply,  from  ifla^-iSs",  aud  agreed  in  all  its  properties  with  the 
material  obtained  from  the  thioureaimido  ester  and  j3-naphthyl- 
amine.     When  the  two  specimens  were  mixed  no  change  in  melt- 

Lec.  cit. 

SalltowakI :  Btr.  d,  clum.  Gti..  7,  IDI3  (1874). 

Btr.  d.  chrm.  Gtl.,  IS.  MtJ  (I6SJ). 

Btr.  d.  cktm.  Ges..  3g,  1468  (1895)- 
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kig-pohit  was  observed.      The  result  of  our  previous  analysis 
follows : 

Calculated  for  Calculated  for 

C»HtC(NHCioH7)»NC8NHC«He.  C«HftNHC8NHCioH7. 

CmHmNsS.  CtrHi4Nt8.  Potmd. 

Nitrogen ii.o  lo.o  lo.o 

This  material  is  therefore  phenyl-jS-naphthylthiourea. 

Bemoylihioureaimidaisobufyl  Benzoate  and  Aniline  gave  a  prod- 
uct melting  from  145^-146^.  This  is  identical  with  benzoyl- 
phenylthiourea  described  by  Miquel,^  as  melting  at  148^-149^. 
Oar  previous  analysis  is  expended : 

Calenlated  for  Caletdated  for 

C«HcC(NHC«H|)  »NCSNHCOC«H6.  C^HsNHCSNHCOCeHft. 

CnHirONsS.  CuHtfONaS.  Found. 

Nitrpgen zi.6  10.9  11. 3 

When  benzenylf^enylamidine  was  mixed,  either  dry  or  in  ben- 
zene solution,  with  benzoylrhodanide,  a  smal}  amount  of  well 
aystallized  material,  melting  at  about  162^  was  obtained,  in  addi- 
tion to  some  varnish.  As  the  properties  of  these  products  had 
nothing  in  common  with  those  of  the  above  compound,  the  mix- 
ttire  was  not  further  examined. 

Bmzaylikumreaimidaisobufyl  Benzoate  and  o-Toluidine  were 
stated  to  react,  giving  a  product  melting  from  116^-117**.  The 
same  product  has  now  been  prepared  from  benzoylrhodanide  and 
orthotoluidine,  which,  as  Dixon'  states,  melts  at  ii&-ii9^.  On 
mixing  this  with  otir  material  the  melting-point  was  not  altered. 
Our  former  analysis  is  annexed : 

calculated  ft>r  Calculated  for 

C«H|C(NHC«H4CH,)»NCSNHCOC«H».        C«H|CONHC9KHCeRiCR». 

CaHi0OK^.  CiftHi40N,8.  Pound. 

Nitrogen 11.2  10.3  10.8 

KbW  HaVBN,  COlfKBCTICUT, 

Pebmafy  8, 1901. 
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A  SPECIAL  CRUCIBLE  FOR  CARBON  COMBUSTIONS. 

BT  PoaTsa  W.  Shimbr. 

Recdved  Febmary  •7,  190s. 

T  may,  perhaps,  be  remembered  that  in  a  former  paper  by  the 
writer  on  "Carbon  Combustions  in  a  Platinum  Crucible,"' 
the  cmdble  was  cooled  externally  by  means  of  wet  wick  in  con- 
tact with  its  upper  part,  drawing  its  supply  of  water  from  a  cir- 
cular trough  kept  full  by  the  overflow  from  a  hollow  stopper. 

1  Ann,  Cktm,  (X4ebig),  [5],  ti,  313. 
'  /  Ckem.  Soc,  (I«ondon),  BBt  ^^s- 
•Tbis  Journal,  ai,  557,  July,  1899. 
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s  arrangement  with  wet  wicic  and  water-cooled  stopper,  it 
ible  to  use  an  ordinary  platinum  crucible  for  carbon  com- 
as and  other  work  in  which  it  is  necessary  to  heat  sub- 
5  to  high  temperatures  in  special  atmospheres.  While  wet- 
5  effective,  it  is  somewhat  troublesome  and  needs  a  little 
on.     To  displace  the  wick  and  trough,  I  have  devised  a 

crucible  provided,  in  its  upper  part,  with  a  platinum  cool- 
hamber  about  i  inch  wide  and  \  inch  deep,  having  short 
im  inlet  and  outlet  tubes  at  opposite  sides.  The  water, 
lowing  through  the  stopper,  is  conducted  to  the  cooling 
er  of  the  crucible  by  bent  glass  and  rubber  tubing,  through 
it  Sows  to  waste. 

rubber  band,  by  which  the  crucible  is  tightly  dosed,  is 
;ffectually  cooled  on  its  inner  side  by  contact  with  the  cold 
r,  and  on  it?  outer  side  by  contact  with  the  cold  top  of  the 
le.    The  lower  part  of  the  crucible  may  be  heated  to  the 


rial 


ng  £ 


mperature  of  the  blast-lamp  without  affecting  the  rubber 
least.  In  addition  to  the  greater  neatness  and  convenience 
;  form  of  crucible,  it  also  has  the  advantage  of  greater  stiff- 
y  reason  of  the  cooling  chamber,  and  a  smaller  flame  is 
1  to  bring  the  crucible  to  a  red  heat.  The  flame  of  a 
juusen  burner  gives  enough  heat  for  the  combustion  in  air 
x)n  from  steel.     For  graphite  and  direct  combustions,  of 
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course,  a  blast-lamp  is  necessary.  Direct  combustions  of  diffi- 
cultly soluble  alloys  may  be  made  very  readily  in  this  crucible  by 
mixing  the  finely  divided  alloy  with  lead  chromate  in  a  small 
porcelain  crucible  and  placing  the  latter  in  the  platinum  crucible 
for  combustion,  as  practised  by  Mr.  C.  A.  Buck,  of  the  Bethle- 
hem Steel  Co. 

The  construction  of  the  crucible  and  stopper  will  be  readily 
understood  by  reference  to  Figs,  i  and  2.  The  air  or  oxygen 
inlet  is  at  a.  The  cold  water  enters  the  stopper  at  c,  and 
leaves  it  at  d^  from  which  point  it  is  led  by  means  of  a  rub- 
ber tube  to  e^  where  it  enters  the  platinum  chamber  surround- 
ing the  top  of  the  crucible.  The  water  runs  to  waste  at/;  or, 
the  direction  of  the  flow  of  water  may  be  reversed,  the  water 
entering  at  /  and  escaping  at  c.  The  band  of  ptire,  black  rubber, 
such  as  can  be  had  at  most  stationers,  is  shown  at  g.  It  is 
essential  that  these  bands  be  of  the  best  quality  of  rubber  ob- 
tainable, for  such  a  band  will  make  an  absolutely  tight  joint 
with  the  crucible,  and  one  band  may  be  used  for  many  com- 
bustions. Before  inserting  the  stopper,  into  the  crucible,  the 
band  should  be  wetted  with  a  little  water,  to  lessen  friction  and 
secure  a  tight  joint. 

For  the  determination  of  combined  water  in  ores,  minerals,  and 
cements,  it  may  be  mentioned  here,  the  circulating  water  must 
be  preheated  to  prevent  condensation  of  the  water  driven  out  by 
the  ignition  of  the  sample  on  the  cool  stopper  and  upper  part  of 
the  crucible. 


[Contributions    from  thb   Chbmical  Laboratory  op  ihb   Penn- 
sylvania State  Coi.i,ege  Agricui^turai,  Experiment  Station.] 

THE  COnPLETE    ANALYSIS  OF  FEEDING    HATERIALS. 

By  C.  a.  Browite,  Jr.,  and  C.  P.  Bexstlb. 
Received  March  5, 1901. 

IN  the  ordinary  analysis  of  feeding-stuffs  it  has  been  the  genera} 
custom  to  determine  only  a  few  of  the  many  constituents 
present ;  for  the  computation  of  rations  or  for  the  determination 
of  feeding  values  an  estimation  of  the  moisture,  fat,  protein,  ash, 
and  fiber  is  all  that  is  usually  required,  the  percentage  of  tmde- 
tennined  matter  being  simply  designated  "nitrogen-free  extract." 
This  method  of  procedure,  while  sufficient  for  many  purposes, 
is  by  no  means  scientifically  accurate,  and  chemists  have  for  a 
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lime  felt  that  not  only  should  a  closer  study  be  made  of  the 
19  substances,  or  rather  groups  of  substances,  such  as  ethei 
:t,  protein,  and  fiber,  but  also  that  mote  attention  shouldbe 

to  that  large  group  of  undetennined  bodies  which  make  op 
itrogen-free  extract. 

isiderable  work  has  been  accomplished  along  these  lines 
g  the  past  few  years,  both  in  this  country  and  abroad, 
workable  methods  have  been  adopted  for  the  determinatioD 
i^ais,  starch,  and  pentosans,  and  some  attempts  have  been 

towards  effecting  a  separation  of  the  various  lignin  and 
sae  bodies,  which  make  up  the  greater  part  of  what  is 
d  crude  fiber.  In  many  cases,  more  particularly  in  the 
sis  of  grains,  the  percentages  of  the  various  constituents 
pproximate  very  closely  loo  per  cent.,  but  in  other  cases,  as 
feeds  rich  in  fiber,   such  as  hay  and  straw  or  even  certain 

products,  a  considerable  discrepancy  still  exists, 
the  spring  of  I&99  a  sample  of  distillery  waste  or  mash  was 
ed  at  the  Fenna.  Experiment  Station  from  the  Heinz  PIckJe 
>f  Pittsburg,  Pa.     A  portion  of  the  sample,  which  was  very 

and  had  slightly  fermented,  was  examined  for  alcohol,  and 
and  volatile  acids ;  the  rest  of  the  material  was  dried  as 
ly  as  possible,  then  ground,  and  subjected  to  the  customary 
r  analysis  with  the  following  results: 

PircCDt 

Moistote 3.83 

Crude  tat lo.as 

Crude  fiber 17.73 

Ash 1.81 

Protein 33.44 

ToWl 57.07 

Nitrogen -free  extract 43-93 

determination  of  starch  in  the  material  by  the  diastase 
>d  gave  less  than  3  per  cent. ,  showing  that  the  malting  pro- 
lad  been  quite  complete.  A  determination  of  the  furfural- 
ng  compounds  or  pentosans  gave  about  25  per  cent.,  ahow- 
le  material  to  be  very  rich  in  these  bodies  as  was  to  be 
ted  from  the  concentration  which  other  constituents  of  the 
would  undergo,  with  the  elimination  of  the  starch.  There 
remained,  however,  some  1 5  per  cent,  of  material 
nunted  for.     This  appeared  to  us  such  an  unusually  laige 


AJXAiySlS  OF  FBBDING  MATERIALS.  23 1 

amount  for  a  cereal  product,  that  we  were  led  to  make  a  more 
complete  study  of  the  undetermined  residuum. 

In  the  choice  of  a  method  applicable  to  a  case  of  this  kind,  the 
writers  were  guided,  to  a  great  extent,  by  a  scheme  of  analysis 
devised  by  H.  C.  Sherman.^  The  scheme  adopted  by  us  in  the 
present  instance  is  given  herewith  and  differs  from  that  of  Sher- 
man in  but  few  respects.  We  have  divided  the  lignin  bodies  into 
two  classes, — the  lignic  acids  which  are  removable  directly  by 
NaOH,  and  the  lignin  which  is  removable  only  after  chlorination. 
While,  as  Sherman  says,  ' '  there  may  be  no  established  chemical 
difference  on  which  to  rest  such  a  distinction,"  we  believe  that 
there  is  a  physiological  difference,  in  that  the  lignin  which  is 
removable  only  after  chlorination  is  of  a  more  condensed  variety 
than  that  removed  by  direct  treatment  with  NaOH.  We  have 
also  introduced  the  step,  since  an  opportunity  was  given  of 
studying  the  solvent  action  exercised  by  the  alkaline  solution 
employed  in  ordinary  crude-fiber  analysis. 

SCHBMB    FOR    THE    ANAI^YSIS    OF    DlSTILI^BRY    WaSTB. 

( Four  samples  of  5  grams  each  were  taken  for  analysis. ) 

Per  cent. 
I.  Samples  were  dried  for  8  hours  at 

ioo**C Loss  =  Moisture,  3.83 

n.  Residues  from  I  extracted    with 

anhydrous  ether  16  hours Extract  =  Crude  fat,  10.25 

ni.  Residues  from  II  boiled  with  95 

per   cent,   alcohol  30  minutes, 

cooled,   made  to   100  cc.  with 

alcohol,    filtered,    and    filtrates 

combined : 


Original  substance. 

Per  cent. 

a.  Extract  determined  in  aliquot 

3.62 

b.  Ash 

O.IO 

c.  Protein 

1.20 

d.  Sugars            "          **        *' 

(by  copper  reduction ) . . . . 

O.CO 

Undetermined  matter  [a  — 

(h  .4-  c  4-d  U 

2.32 

\v    Tt-j-i*   ;j» ••••• 

IV.  Residues  from  III  treated  with 

water  at  laboratory  temperature 

over  night ;    made  to   100  cc. 

with  water,  filtered,  and  filtrates 

combined. 

»ThiijaMnal,af,«9i. 

• 

Sugar,  0.00 
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e.  Extract  determined  in  aliquot      4.50 
/.  Ash  '■        "      "  046 

g.  ProteiD  "         "       "  0.73 

A.  Dextrin  (?),     "         "       " 

(by  inversion  and  copper  • 

reduction) 3.13  Dextri 

Undetermined     matter    [e  — 

(/  +  f +  *)] i-'S 

Residues    from    IV     dried     and 

weighed,  then  reground  and  the 

starch  determined  by  the  dias- 
tase method;  residues  dried  and 

reweighed. 

I.  Residue   determiued   before 

diastase  treatment 78.39 

/.  Starch  determined  in  extract 

from  diastase  treatment-  ■      a. 66  S 
'  it.  Residue  determined  after  di- 
astase treatment 73-87 

[.  Residues  from  V  boiled  30  min- 
utes  with  200  cc,   H,SO,  1.J5 

per  cent.,  filtered,  washed  with 

hot  H,0   and    alcohol,    dried, 

weighed,  and  then  combined. 

/.  Residues    determined    after 

H,SO,  treatment 45.43 

m.  Protein  determined  in  ali- 
quot of  combined  residues     16.56 

«.  Ash  detenniued  in  aliquot  of 

combined  residues 0.95 

o.  Carbohydrates     in     residue 

[i_(w  +  „)] ,7.9, 

Aliquots  from  combined  residues 

of  VI  boiled   30   minutes   with 

300   cc.   NaOH    1.25  per  cent., 

filtered,  washed  with  hot  H,0 

and      alcohol,      dried,      and 

weighed. 

p.  Residue    determined     after 
NaOH  treatment 

g.  Protein  determined  in  aUquot 
of  residue 

r.  Ash  detenniued  in  aliquot  of 
residue 

s.  Carbohydrates     in      residue 
[>-(?  +  '-)] 

/.  Carbohydrates   removed    by 
NaOH  treatment  (o  —  s) 
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Vm.  Residues  from  VII  chlorinated  i 
hoar,  then  boiled  5  minutes 
with  2  per  cent.  Na,SOs  ^^^  0.2 
per  cent.  NaOH  solution 
(method  of  Cross  and  Sevan)  > 
filtered,  washed,  with  hot  H^O 
and       alcohol,      dried,      and 

weighed. 
u.  Residue    determined     after 

chlorination  process 16.26 

V.  Protein  determined  in  aliquot 

of  residue o.  19 

w.  Ash  determined  in  aliquot 

of  residue o.ii 

X.  Carbohydrates    in     residue 

[u  —  {v  +  w)] 15.96 

y.  Carbohydrates  removed    by 

chlorination  process  (5  — 

jc) 1. 14  Lignin,  1.14 

2.  Pentosans  in  residue  »  5.62 

per  cent.,   or  of  original 

substance 0.91 

Cellulose  [«  -■  {v  -\-  w  -\-  z)]     15.05  Cellulose,  15.05 

Ftetosans  determined  in  original  substance  by  phloro- 

glucin  method Pentosans,  24.86 

Nitrogen  determined  in  original  substance  3.75  percent., 

A^  X  6.25  =  protein Protein,  23.44 

Ash  determined  in  original  substance Ash,  1.84 

Total 96.01 

The  sum  of  the  various  ingredients  in  the  above  table  amounts 
to  96.01  per  cent. ,  thus  leaving  an  undetermined  residuum  of 
about  4  per  cent.  It  was  thought  at  first,  that  the  undetermined 
matter  in  the  alcoholic  and  aqueous  extracts  might  explain  this 
deficiency ;  the  sum  of  this  undetermined  matter  in  the  above 
scheme,  it  will  be  seen,  amounts  to  3.5percent.,  and  if  this  be  esti- 
mated as  resin  or  gum,  as  is  sometimes  done,  there  would  remain 
but  about  0.5  per  cent,  of  material  unaccounted  for. 

Before  working  upon  this  assumption,  however,  it  was  thought 
best  to  make  further  studies  as  regards  the  actions  of  the  various 
solutions  employed  in  the  above  scheme.  A  second  series  of  4 
samples  were  carried  through  exactly  as  the  first  with  the  addi- 
tional determination  of  the  pentosans  in  the  residues  after  each 
stage  of  the  process.     The  following  results  were  secured  : 
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PeirbL 

I.  Pentosans  in  original  material 14.86 

II.  Fentoaana  in  reiidtie  after  alcobol  and  water  treatment- ■  11.16 

III.  Pentosans  in  residue  after  malt  digestion 10.9S 

IV.  Pentosans  in  residue  after  H,SOt  treatment 3.31 

V.  Pentosans  in  residue  after  NoOH  treatment 0.87 

It  appears  from  the  above  results  that  several  per  cent,  of 
aterial  of  a  pentose  nature  finds  its  way  into  either  the  alcoholic 

aqueous  extracts.  Such  substances,  owing  to  their  marked 
pper-reducing  power,  would  naturally  aSect  the  sugar  or  dex- 
in  determinations.  Since  no  copper-reducing  bodies  were 
moved  by  the  alcohol,  the  inference  is,  that  the  pentoses  dis- 
Ived  were  removed  entirely  by  the  water.  The  writers  believe 
at  the  copper-reducing  power  of  the  aqueous  extract,  as  shown 

the  scheme,  was  due  mostly  or  even  entirely  to  bodies  of  a 
:ntose  nature,  and  that  a  serious  error  may  thus  exist  in  the 
ocess  usually  employed  for  determining  dextrin  in  feeding 
aterials. 

The  undetermined  matter  of  the  alcoholic  extract  is  no  doubt 
ade  up  of  some  unclassified  constituents,  such  as  restn,  etc., 
id  at  this  stage  of  the  analysis  there  is  probably  to  be  found  » 
irt  of  the  discrepancy  which  sometimes  exists  in  the  complete 
lalysis  of  feeding  materials. 
Another  fact  in  connection  with   the  pentosan  determinations 

that  1. 18  per  cent,  of  pentosans  disappears  during  the  malt 
gestion.  To  test  this  in  another  way,  the  pentosans  were  deter- 
ined  In  the  extract  from  the  malt  digestion.  The  following 
suits  were  secured : 

Per  cent,  of 
original  lab- 

Pentosans  in  extract  from  malt  digestion 1.71 

Pentosans  in  malt  solution 1.39 

Difference  equals  pentosans  actually  removed 1.41 

This  figure  coincides  very  closely  with  the  value  previotuly 
ven,  and  proves  unquestionably  that  the  malt  solution  does 
:ert  some  solvent  action  upon  the  pentosans.  In  order  to 
itermine  how  much  the  removal .  of  pentosans  was  due  to  tbt 
Ivent  action  of  water  alone,  a  blank  experiment  was  run,  using 
e  same  amount  of  water  as  malt  solution,  and  conducting  the 
gestion  for  the  same  length  of  time  ;  the  aqueous  extract  was 
en  concentrated,  and  a  determination  of  pentosans  made  in  the 
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asual  way ;  the  amount  thus  obtained  amounted  to  0.85  per  cent, 
of  the  original  material,  thus  showing  that  a  considerable  amount, 
but  not  all,  of  the  pentosans  removed  during  the  malt  digestion, 
was  due  simply  to  the  solvent  action  of  water. 

A  removal  of  pentosans  during  the  diastase  digestion  intro- 
duces somewhat  of  an  error  into  the  starch  determination.  Starch 
was  present  in  the  material  analyzed,  as  was  shown  by  the  slight 
iodine  reaction,  but  the  percentage  indicated  in  the  scheme  is 
midoubtedly  too  high.  The  error  thus  introduced  into  the  starch 
determination  by  the  solubility  of  pentosans,  would  probably 
never  be  much  greater  than  the  above  case,  owing  to  the  large 
amonnt  of  pentosans  present  and  the  long  period  of  digestion, 
which,  in  the  present  instance,  was  twelve  hours. 

From  the  table  of  pentosan  determinations,  it  is  seen  that 
17.66  per  cent,  of  pentosans  disappears  during  the  treatment  with 
sulphuric  add.  The  extract  from  this  treatment  was  saved  in 
order  to  make  a  comparative  determination  of  the  pentosans 
removed,  by  the  copper  reduction  process. 

The  extract  was  diluted  to  300  cc. ,  after  adding  sufScient 
H^O,  to  make  the  total  amount  2  per  cent,  of  the  solution  after 
diluting,  and  the  whole  boiled  for  six  hours  in  a  500  cc.  flask 
omnected  with  a  condensing  tube.  After  cooling,  the  solution 
was  neutralized  with  dilute  NaOH,  using  phenolphthalein,  and 
the  volume  completed  to  500  cc.  25  cc  of  this  solution  gave  a 
weight  of  reduced  copper^  equivalent  to  21.65  P^r  cent,  dextrose, 
which  would  be  equivalent  to  21.00*  per  cent,  pentoses,  or  18.48' 
per  cent,  pentosans. 

Another  point  which  must  not  be  overlooked  in  the  complete 
analysis  of  feeding  materials,  is  the  presence  of  furfural- yielding 
constituents  in  the  material  left  after  the  chlorination  process. 
In  the  scheme,  the  writers  have  estimated  these  bodies  as  pento- 
sans, and  subtracted  their  percentage  from  the  percentage  of  fiber 
after  chlorination,  in  calculating  the  percentage  of  cellulose.  It 
may  be,  however,  that  these  furfural-yielding  constituents  of  the 
fiber,  after  chlorination,  are  of  an  oxycellulose  nature,  as  appears 
from  the  work  of  Cross  and  Bevan,  in  which  case  the  total  per- 
centage of  pentosans  would  need  to  be  corrected. 

1  AUihn*s  method  of  copper  reduction  waft  followed  in  this  and  all  other  instances. 
'  Dextrose  x  0.97.    Stone  :  Am.  Chem.  /.,  13,  73. 
*  Pentoses  x  0.88. 
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[n  cooclusion,  it  may  be  said  that,  while  the  sum  of  the  per- 
itages  of  the  different  constituents  in  many  feeding  stuffs  does 
t  equal  exactly  loo  per  cent.,  the  results  are  as  close  as  could 
expected  with  the  present  methods  of  analysis.  lu  addition 
the  uncertainties  of  some  of  the  analytical  steps  just  pointed 
t,  it  should  also  be  noted  that  the  factors  used  for  the  calcu- 
ion  of  protein  and  pentosans  are  more  or  less  of  an  arbitrary 
ture,  and  cannot  be  considered  absolute  iu  the  case  of  any  par- 
alar  feeding  material.  In  view  of  this,  and  our  present  incom- 
:te  knowledge  of  many  of  the  various  proximate  constituents  of 
ding  materials,  the  exactness  attainable  in  some  other  depart- 
;nt5  of  analytical  chemistry  is  not  at  present  to  be  hoped  for. 


CATALYSIS  IN  CONCENTRATED  SOLUTIONS. 

Bv  J.  M.  Crafts. 

■^HE  Study  of  the  catalytic  action  of  acids  in  x-ery  dilute 
solutions  has  led  to  the  discovery  of  a  number  of  simple  re- 
ions  between  ionic  dissociation,  chemical  afBnity,  and  electrical 
aductivity,  and  the  conclusion  is  universally  accepted  that  the 
:ive  agent  is  the  hydrogen  ion.  The  ratio  of  the  velocity  ol 
*  reaction  to  the  concentration  of  the  catalysor  is  nearly  con- 
int  in  dilute  solutions  of  strong  acids,  but  when  ionic  dissoda- 
■n  is  diminished  by  increasing  concentration,  or  in  the  case  ol 
ak  acids  by  the  presence  of  bodies  which  reduce  the  concen- 
Ltion  of  hydrogen  ions,  the  ratio  of  velocity  to  concentration 
ninishes  ;  a  small  acceleration  has,  however,  been  observed 
hen  certain  salts  are  added  to  the  solutions  of  strong  acids, 
ist  of  the  subjects  for  experiments,  such  as  the  decomposition 
esters,  the  inversion  of  sugar,  etc.,  do  not  admit  of  the  em- 
tyment  of  very  concentrated  acid  solutions,  because  the  catalysor 
luld  then  enter  into  the  reaction,  forming  by-products. 
It  seemed  interesting  to  study  the  hydrolysis  of  the  sulphonic 
ds  by  means  of  chlorhydric  acid  and  other  strong  acids,  because 
re  the  reaction  is  catalytic  in  the  sense  that  it  is  induced  by  the 
isence  of  a  strong  acid  which  does  not  enter  into  the  final 
iducts,  nor  does  it  even  form  intermediate  products  in  the 
ne  evident  way  as  in  esterification  by  sulphuric  add,  or  in  the 
idation  of  sulphurous  add  through  the  medium  of  nitrous 
mes,  nor  does  the  degree  of  concentration  of  the  catalysing 
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agent  change  the  nature  of  the  products,  which  are  only  sulphuric 
acid  and  hydrocarbon. 

The  results  given  below  show  that  the  rapidity  of  the  reaction 
instead  of  being  proportional  to  the  concentration  of  the  catalysor, 
rises  to  a  thirty-fivefold  greater  rapidity  when  38  per  cent,  chlor- 
hydric  add  solution  is  employed  instead  of  1 9  per  cent. ,  and  a  very 
remarkable  result  was  obtained  by  adding  to  a  38  per  cent,  chlor- 
hydric  add  solution  one-half  its  weight  of  zinc  chloride,  the 
rapidity  of  the  reaction  being  then  raised  more  than  threefold. 

It  is  thus  apparent  that  increased  concentration  and  other  in- 
fluences which  must  be  supposed  to  diminish  ionic  dissociation, 
promote  to  a  high  degree  the  rapidity  of  the  hydrolytic  action, 
and  this  fact  would  point  to  the  inference  that  the  hydrolysis  is 
promoted  by  HCl  +  H,0,  and  not  by  the  hydrogen  ions,  unless 
some  other  predominant  and  preparatory  reaction  can  be  attributed 
to  dehydrating  agents  like  chlorhydric  acid,  sulphuric  acid,  and 
zinc  chloride.  The  study  of  this  hypothesis  has  been  under- 
taken, but  seems  to  demand  an  extended  series  of  experiments 
before  an  opinion  can  be  formed,  and  it  is  desired  to  give  in  this 
preliminary  notice  a  description  of  experiments  which  estab- 
lish a  sharp  distinction  between  catalysis  in  dilute  and  concen- 
trated solutions.  It  is  possible  that  the  newly  observed 
phenomena  may  be  quite  different  from  catalysis  and  may  require 
another  name,  but  the  old  one  has  been  made  to  hide  so  many 
mysteries  that  it  will  serve  to  cover  this  one  also,  until  a  new 
theory  of  the  reaction  can  be  founded  upon  a  larger  number  of 
experiments. 

I  will  give  the  results  of  some  150  measurements  in  sealed 
tubes  chiefly  at  100®,  and  will  leave  aside  a  larger  number  of  ex- 
periments which  were  made  by  passing  steam  through  sulphuric 
add  solutions  of  sulphonic  adds  at  different  temperatures. 

The  work  will  be  interrupted  for  a  few  months,  and  it  is  de- 
sired to  reserve  the  field  until  the  projects,  which  will  be  indicated 
for  further  experiments  along  the  same  line,  can  be  executed  and 
the  data  obtained  for  explanation,  or  at  least  for  correct  formu- 
lation of  this  interesting  reaction. 

EXPERIMENTAL  RESULTS. 

On  heating  in  sealed  tubes  at  100®,  the  metaxylene- sulphonic 
add  (1:3:4)  gives  an  easily  measurable  rate  of  decomposition 
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with  chlorhydric  acid  of  concentratioiis  varying  between  43  per 
cent,  and  13  per  cent.  HCl  gas  ;  and  the  intervals  of  time 
which  it  is  necessary  to  heat  in  order  to  decompose  10  per  cent, 
of  the  sulphonic  acid,  vary  between  thirty  minutes  and  more 
than  one  hundred  hours,  according  to  the  strength  of  the  acid. 
Benzene  and  toluenesulphonic  acids  do  not  react  at  this  tempera- 
ture, paraxylenesulphonic  acid  acts  very  slowly,  and  the  sulphonic 
adds  of  the  higher  homologues  of  benzene  act  too  rapidly  at 
100°,  and,  moreover,  these  acids  are  only  partly  soluble  in  strong 
chlorhydric  acid  even  at  100°,  For  these  reasons  the  first  series  ■ 
of  determinations  was  made  with  the  metaxylenesul phonic  acid, 
C,H,SO,H  +  2H,0.  The  crystals  of  the'acid  can  be  kept  for 
any  length  of  time  exposed  to  the  air  with  only  slight  hygro- 
scopic changes  of  weight. 

A  mode  of  preparation,  which  was  found  much  more  advan- 
tageous than  the  passage  by  the  barium  salt,  consists  in  using 
directly  the  solution  obtained  by  heating,  during  two  hours  at 
100",  2  parts  of  common  sulphuric  acid  and  i  part  hydrocarbon. 
The  immediate  product  is  added  cautiously,  to  prevent  heating, 
to  common  chlorhydric  acid  (containing  about  38  per  cent.  HCl) 
cooled  to  zero  or  below,  Paratoluenesulphonic  acid,  the  common 
forms  of  metaxylene  and  pseudocumene  sulphonic  acids,  and  the 
sulphonic  acids  of  paraxylene  and  mesitylene  are  nearly  insoluble 
in  strong  cold  chlorhydric  acid,  and  the  fine  crystalline  precipi- 
tate can  easily  be  washed  with  pure  cold  chlorhydric  acid  with 
little  loss  until  entirely  free  from  sulphuric  acid.  Exposure  for 
two  days  on  a  glass  plate  suffices  to  remove  all  traces  of  chlor- 
hydric acid,  and  to  leave  the  pure  sulphonic  acids  crystallized 
with  their  normal  proportions  of  water  of  crystallization.  The 
crystalline  powder  so  obtained  can  be  dissolved  in  water  and  re- 
crystallized  without  change  of  weight.  Paratoluenesulphonic 
acid  has  i  molecule  of  water  of  crystallization  ;  the  other  acids 
named  have  2  molecules.  Paratoluenesulphonic  acid  so  prepared 
melts  at  102°;  metaxylenesulphonic  acid  (1:3:4)  at  59-8°; 
paraxylenesulphonic  acid  melts  at  86°;  pseudocumenesulphonic 
acid  (I  :3  :4  :5)  at  112°. 

TAe  /0'<''^^{V«^.  C,H„SO, -|-H,0  =  H,SO,  +  C,H,„.— In  aach 
experiment  a  weighed  quantity  of  the  sulphonic  acid  was  sealed 
with  a  weighed  quantity  of  chlorhydric  acid,  or  some  other  sub- 
stance or  acid  as  a  catalysor,  in  a  glass  tube  of  about  i  cm. 
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diameter,  which  had  been  calibrated  with  weighed  amounts  of 
the  hydrocarbons,  xylene,  cumene,  etc. 

The  determinations  were  made,  after  heating  a  definite  period, 
by  measuring  the  height  of  the  layer  of  hydrocarbon  set  free. 
Certain  precautions  were  taken  relative  to  the  solubility  of  the 
hydrocarbon  in  the  acid  solution  both  hot  and  cold,  and  the  time 
required  for  the  complete  separation  of  the  dissolved  hydrocar- 
bon on  cooling.  A  few  control  determinations  of  the  sulphuric 
add  set  free  were  also  made,  but  in  this  preliminary  notice  it  is 
not  necessary  to  enter  into  the  details  of  these  operations,  because 
even  considerable  errors  of  measurement  and  impurity  of  the 
solphonic  adds  would  not  disguise  the  nature  of  the  reaction, 
which  it  is  designed  to  show. 

A  well  determined  and  constant  temperature  was  obtained  by 
using  the  ebullition  of  pure  substances,  water  and  benzene, 
under  atmospheric  pressure.  The  tubes  were  always  heated  in 
contact  with  the  liquid  bath,  and  allowance  was  made  for  the 
time  (about  three  minutes)  required  for  a  thermometer  enclosed 
in  a  similar  tube  to  take  the  temperatures  of  79**  or  99®.  If  the 
test  is  made  by  plunging  the  glass  tube,  containing  a  thermome- 
ter and  filled  with  liquid,  in  a  metal  tube  heated  by  boiling  water 
to  a  constant  temperature  but  only  containing  air,  the  transfer  of 
heat  through  the  air  layer  to  the  glass  tube  is  so  slow  that  nearly 
an  hour  is  required  for  the  thermometer  to  reach  100°. 

A,  Experiments  with  Metaxylenesulphonic  Acid  and  Chlorhydric 
Add, — In  the  following  experiments  (Nos  I-XIII),  the  tempera- 
ture was  99.7°-ioo°.  The  hours  from  the  commencement  of 
heating  and  the  corresponding  percentages  of  decomposition  are 
given.  The  latter  was  usually  determined  by  measuring  the 
hydrocarbon  set  free  in  a  tube  which  had  been  calibrated  at  the 
same  place  with  known  weights  of  the  same  hydrocarbon.  It 
was  usually  necessary  to  wait  some  hours  for  the  complete  separa- 
tion of  the  hydrocarbon  which  had  dissolved  at  a  high  tempera- 
ture in  the  acid  liquid,  but  appeared  to  be  almost  completely 
separated  in  the  cold,  so  that  the  readings  became  constant  after 
intervals  of  an  hour. 

I.  10  grams  metaxylenesulphonic  acid,  C^H3CHj(i)CH,(3) 
S0,H(4)  +  2H,0,  +  75  grams  chlorhydric  acid  (10  per  cent. 
HCl). 


64  4-3  I7»  94 

104  5-6  a"  lo-o 

ISO  6.5 

The  apparent  retardation  of  the  decomposition  during  the  first 
sixteen  hours  is  probably  only  due  to  the  solubility  in  the  add 
mixture  of  the  first  fraction  of  xylene,  about  0.04  gram.  If  this 
is  the  case,  about  i  per  cent,  should  be  added  to  all  the  measures. 
The  decomposition  with  a  measurable  rate  of  speed  up  to  about 
ID  per  cent. ,  and  from  that  point  a  decomposition  of  only  0.6  per 
cent,  in  forty  hours,  seems  to  indicate  the  presence  of  an  impurity, 
possiblyC;H,CH,  Ci)S0,H(2)CH,  (3),  wWch  decomposes  more 
rapidly,  while  the  pure  add,  C.H,CH,  (i)  CH,  (3)  SO,H  (4), 
which  remains  is  not  decomposed  by  10  per  cent,  chlorhydric 
acid  solution. 

II.  Ten  ^ams  metaxylenesulphonic  acid  -|-  75  grams  chlor- 
hydric acid  (13.1  per  cent.  HCl).  0.43  gram  xylene  wasadded 
before  heating  in  order  to  saturate  the  acid  liquid,  the  height 
of  the  layer  of  xylene  was  noted  after  shaking,  and  was  sub- 
tracted from  subsequent  readings. 


The  series  was  terminated  by  the  breaking  of  the  tube. 

III.  Ten  grams  metaxylenesulphonic  acid  +  70  grams  chlor- 
hydric acid  (19  per  cent.  HCl),  No  corrections  were  made 
for  the  solubility  of  xylene  in  the  add  solution  in  this  and  in  the 
subsequent  experiments. 

Xylene.  Xylene. 

KouTi.                        Percent.  Hour*.  Pet  cent. 

4                               I-  144  40.S 

10                              6.4  160  44.6 


25-7 
30-7 
36.4 
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I  grams  metasylenesulphonic  acid  ■+■  30  grams  chlor- 
i  (10.3  per  cent.  HCI)  +  8.75  grams  sulphuric  acid. 

Xylene.  Xjltnc. 

Feteeat.  Bonis.  Percent 

r.o  96  31.8 

3.5  113  36.3 

4.0  133  40.8 

7.0                            155  4«.J 

ia.6                            175  51-9 

17.6  191  55.4 
S3- 1                            "Ji  63.9 

17.7  379  70.4 
337  77.0 

grams   metaxylenesulphonic  acid  +  93  grams  chlor- 
1  (19  per  cent.  HCI)  +  37.5  grams  zinc  chloride. 

X7ICOC.  Xylene. 

3.0  34  30.9 

13.4  28  3I.I 

16.0  33  34.8 

n.o  36  38.8 

36.0  40  43.3 

enty  grams  metaxylenesulphonic  acid  -|-  90  grams  chlor- 

I  (25  per  cent.  HCI). 


Xylene. 

IWene. 

Kcent 

Unm. 

FcrccnL 

3.6 

3a 

55.3 

10.0 

56 

58.0 

16.0 

60 

60.9 

20.3 

64 

64.8 

37.1 

68 

67-7 

3».o 

7a 

69.8 

35.6 

88 

77.7 

39-3 

104 

84.1 

44.9 

130 

86.9 

4«.3 

136 

90.1 

48.1 

■52 

9'.5 

53.0 

n  grams  metaxylenesulphonic  acid  + 

515  grams  chlor- 

1  (25  per  cent.  HCI). 

bulb  with  a  narrow  neck  of  very  thick  glass  was  used, 
radon  of  the  somewhat  conical  neck  was  less  exact, 
adings  were  more  uncertain  than  in  a  tube. 


VIII.  Twenty   grams  metaxyleDesulphonic  acid  +  70  grams 
chlorhydric  acid  (31.4  per  cent.  HCl). 


8                             19.7  44                                  g'-o 

I J                             47-6  60                                 96.1 

16                            57-9  76                                 9S-6 

30                                     68.3  91  95.9 

14                             76.9 
IX,  Ten  grams  metaxylenesulphonic  acid  +  550  grains  chlor- 
hydric add  C31.4  per  cent.  HCI). 

Xylene.  Xylene. 

Hour*.                        Percent.  Hours.  Percent. 

I                                   6.3  10  35.3 


X,  Twenty  grams  metaxylenesulphonic  acid  +  7ogramschlor- 
hydric  acid  (38.4  per  cent,  HCl), 


XI.  Ten  grams  metaxylenesulphonic  acid  +  38  grams  chlor- 
hydric acid  (38.4  per  cent.  HCl). 

Xylene  Xylene 


I3i 


4  37-a  -„-  -  — 

4i  41.0  I7i  82.0 

XII,  Ten  grams  metaxylenesulphonic  acid  +  39  grams  chlor- 
hydric acid  (43  per  cent.  HCl). 
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XIII.  Ten  grams  metaxylenesulphonic  acid  -|-  38  grams  chlor- 
hydric  acid  (38.4  per  cent.  HCl)  +19  grams  ZnCl,. 


Houis. 

Xylene. 
Per  cent. 

Hours. 

Xylene. 
Per  cent. 

I 

28.1 

6 

92.2 

2 

55.0 

10 

96.4 

3 

75.9 

14 

97.5 

4 

86.1 

18 

99.8 

5 

903 

34 

99-4 

XIV.  Temperature  80.2"^. — ^Ten  grams  metaxylenesulphonic 
add  +  36  grams  chlorhydric  acid  (38.4  per  cent.  HC1)+  18 
grams  zinc  chloride. 


Hours. 

Xylene. 
Per  cenL 

Hours. 

Xylene. 
Per  cent 

4 

6.0 

20 

49.6 

8 

156 

24 

57.5 

12 

27.9 

28 

65.3 

16 

38.2 

32 

72.2 

n     r*  _«  .     • 

#               •»■§       UjT^m 7 

f  i  X. •_      A^yj    T 

r^^j^j  _»#t 

B,  Experiments  with  Metaxylenesulphonic  Acid  Heated  with  Sul- 
phuric Acid  at  100^, — 

XV.  Ten  grams  metaxylenesulphonic  acid  +  35  grams  dilute 
sulphuric  acid  (25  per  cent.  H^SOJ  were  heated  twenty  hours 
at  ICO*'.    There  was  no  sign  of  separation  of  xylene. 

XVI.  Ten  grams  metaxylenesulphonic  acid  +112  grams  dilute 
sulphuric  acid  (50  per  cent.  H,SOJ. 

Xylene.  Xylene. 

Hours.  Percent.  Hours.  Percent. 

4  4.2  56  69.6 

8  13.9  60  71.4 

12  21.2  64  74.4 

16  27.8  68  76.3 

20  34.5  72  78.1 

24  40.6  76  79.3  * 

28  44.2  80  81.7 

32  47.8  96  85.4 

36  52.7  112  86.0 

40  56.3  128  87.2 

44  59.3  U4  88.4 

48  64.2  160  88.4 

52  66.6  176  88.4 

XVII.  Ten  grams  metaxylenesulphonic  acid  +  dilute  sulphuric 
add  (75  per  cent.  H,SO,). 

Soon  after  heating,  the  well-known  phenomenon  took  place 
between  the  diluted  sulphuric  acid  and  the  sulphonic  acid  : 
a  lighter  layer  of  a  viscous  liquid  rose  to  the  top,  and  this  was 
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xl  by  a  smaller  layer  of  xylene.  The  viscous  layer  which 
ited  contained  5.5  percent,  of  dissolved  xylene,  and  the 
ader  had  nearly  the  composition  H,SO(  +  2H,0  (33  per 
+C,  HijSO,  +  2H,0  (67  per  cent.).  It  is  more  probable, 
rer,  that  most  of  the  water  should  be  regarded  as  combined 
sulphuric  acid,  and  the  greater  part  of  the  metaxylene- 
jnic  acid  must  be  anhydrous  on  account  of  its  power  of 
dng  xylene.  This  view, is  confirmed  by  the  fact  that  the 
nine  hydrated  sulphonic  add  dissolves  on  gently  warming 
phuric  acid,  diluted  with  enough  water  to  make  75  per 
H^O,  and  then  an  acid  separates  later  on  heating,  giving 
jper  viscous  layer, 

:se  experiments  suggest  the  idea  that  all  dehydrating  agents 
ring  the  crystalline  hydrated  sulphonic  acids  into  an  an- 
us state,  and  that  the  anhydrous  form  may  exist  in  solution, 
erhaps  be  more  susceptible  of  hydrolysis  than  the  hydrated 

This  hypothesis  will  be  investigated. 
Metaxylenesulphoaic  Acid  Heated  to  100°  with  Nitric  Acid. — 
III.  Ten  grams metaxylenesulphonic  add  +  common  nitric 
liluted  with  an  equal  wdght  of  water,  were  heated  three 

at   100°  in  a  sealed  tube.     There  was  no  sign  of  xylene, 
ily  traces  of  insoluble  nitro  derivatives.     The  pressure  of 
le  to  oxidation  was  not  very  strong. 
IS  nitric  acid  has  no  action  favoring  hydrolysis  to  be  com- 

to  that  of  a  molecular  equivalent  of  chlorhydric  or  sul- 
;  acid. 

RELATION   BETWBEN   CONCENTRATION  OF  THE  ACID  SOLU- 
TIONS AND  THH  RAPIDITY  OF  THE  HYDROLYSIS, 
ves  were  plotted  of  all  these  series  of  experiments,  and  the 
ing  table  gives  the  time  required  in  each  case  to  decompose 

15,  etc.,  per  cent,  of  the  sulphonic  adds, 
ixperiments  II  to  XVI  the  first  vertical  column  of  the  above 
jives  the  percentages  by  weight  of  HCl  gas  in  the  chlorhy* 
:!d  solution  ;  the  second  column  gives  the  weights  of  add 
)n  to  which  in  each  case  10  grams  of  crj'stallized  sulphonic 
'ere  added,  and  the  third  vertical  column  gives  for  experi- 
[V  a  weight  of  HjSO,  added  to  the  solution,  while  for  ex- 
;nts  V,  XIII,  and  XVI  weights  of  ZnCl,  were  added. 
:  next  18  vertical  columns  give  the  hours  and  dedmal  frac- 
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6s  percent. 
70  per  cent. 
75  per  cent. 
80  per  cent. 
8s  per  cent. 

90  per  cent. 

Velocity  con- 
stant. Unit  of 
time,  100  hours. 
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tions  of  an  hour  required  to  decomposes,  "^'  15.  etc.,  per  cent  of 
the  sulphonic  acid. 

The   last  coIuuid  gives  the  velocity  constants  calculated,  not   : 
from  the  figures  of  the  table,  but  from  the  means  of  the  constaats 
given  by  each  experimental  measure,  rejecting  those  of  less  ttmi 
10  and  more  than  80  per  cent,  decomposition,  because  at  the  two 
extremities  the  results  are  less  accurate. 

A  very  remarkable  relation  appears  between  the  velocity  con- 
stants and  the  concentration  of  the  chlorhydric  acid  whicb  pro- 
motes the  action  (as  a  cataiysor?). 

For  the  percentages  of  HC!  between  13  and  31  the  velodtj-  in- 
creases fourfold  for  each  successive  increment  of  6  per  cent.  HCl. 
The  rate  appears  to  be  less  rapid  for  higher  percentages,  but  tlie 
upper  limit  of  the  law  may  perhaps  be  extended  by  more  careful 
measures.  Unpublished  experiments  confirm  this  relation  for 
other  sulphonic  acids  and  extend  it  to  lower  percentages  of  HCl. 

Mathematically  stated,  the  relation  is  expressed  by  the  formula: 
the  logarithm  of  the  velocity  constant  is  a  linear  function  of  the 
percentage  concentration  of  chlorhydric  add. 

Since  the  sulphonic  acids  have  nearly  as  strong  a  chemical 
affinity  as  chlorhydric  acid,  it  was  thought  that  they  might  cata- 
lyze themselves,  and  the  decomposition  might  be  related  to  the 
concentration.  Only  two  experiments  have  been  made,  but  they 
serve  to  confirm  this  idea  : 

1.  Five  grams  metaxylenesulphonic  acid  were  dissolved  in  a.5 
grams  of  water,  and  were  heated  at  100°  for  forty  hours.  The 
sulphuric  acid  set  free  was  i  .9  per  cent,  of  the  amount  correspond- 
ing to  complete  decomposition.  No  xylene  was  visible  in  the 
tube,  but  it  separated  out  on  diluting  with  water. 

2.  Five  grams  of  metaxylenesulphonic  acid  were  dissolved  in 
100  grams  water  and  heated  to  100°  for  forty  hours.  The  sul- 
phuric add  set  free  was  only  o.  i  per  cent.  Thus  concentratioii 
in  these  experiments  gives  rise  to  a  rapidly  increasing  rate  of 
decomposition. 

With  metaxylenesulphonic  acid  a  change  of  position  of  the 
SO,H  group,  if  such  change  can  be  brought  about  catalytically, 
would  complicate  the  reaction,  since  the  susceptibility  to 
decomposition  is  greatly  increased,  when  the  SO,H  group  is 
placed  between  the  two  side-chains. 

The  series  of  experiments  will  be  extended  to  other  tempera- 
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tures  and  the  more  tedious,  but  likewise  more  accurate,  method 
of  weighing  the  sulphuric  acid  set  free  instead  of  measuring  the 
amount  of  hydrocarbon  will  be  used. 

If  we  attempt  to  estimate  the  differences  and  the  similarities  in 
the  modes  of  catalytic  action  of  strong  acids  in  concentrated  or  in 
weak  solutions,  it  will  be  convenient  to  do  so  under  the  headings 
of  Ostwald's  definition  of  catalysis. 

1.  Reactions  IVhick  Are  Accelerated  or  Retarded  by  Catalysis  Take 
Place  Also  without  a  Catalysor, — Experiments  are  evidently  impos- 
sible with  substances  which  take  years  for  the  transformation  of 
I  per  cent. ,  and  conclusions  can  usually  only  be  drawn  from  the 
form  of  reaction  curves  of  measurable  velocities,  but  it  appears 
probable  that  the  regularity  of  the  decomposition  of  sulphonic 
adds  without  by-products  will  make  it  possible  to  obtain  useful 
ol^rvations  near  the  border  line,  where  the  action  is  almost  ifn- 
perceptible. 

2.  Reactions  in  Opposite  Directions  Leading  to  an  Equilibrium 
Must  Be  Equally  Influenced  by  Catalysis, — The  hydrolysis  of  sul- 
phonic acids  in  presence  of  sulphuric  acid  and  water  would  belong 
nnder  this  rule  if  the  reaction  were  reversible,  but  this  is  proba- 
bly not  the  case  since  the  synthesis  is  direct,  while  the  decompo- 
ationis  indirect  by  influence  of  H^SO^  (catalysis?).  The  data 
for  50  per  cent,  sulphuric  acid  given  in  the  preceding  table  show 
thatthelimit  of  the  action  is  very  near  complete  decomposition,  88 
percent.,  while  experiments  made  by  heating  xylene  with  sul- 
phuric acid  of  50  per  cent,  concentration  to  100®  proved  that  the 
reverse  action  does  not  take  place  perceptibly. 

Even  the  action  of  a  75  per  cent,  sulphuric  acid  solution  on  xylene 
is  an  exceedingly  slow  one  and  stops  when  only  a  few  per  cent,  of 
the  xylene  are  transformed  into  the  sulphonic  acid.  The  hydroly- 
sis of  sulphonic  acids  by  means  of  chlorhydric  acid  tends  to 
complete  decomposition,  nor  can  any  evidence  be  obtained  of  an 
inverse  reaction. 

3.  The  Catalytic  InHuence  is  Nearly  Proportional  to  the  Coficen- 
tration  of  the  Catalysor. — The  chief  object  of  this  paper  is  to  show 
that  this  rule  does  not  apply  to  the  case  of  concentrated  acids, 
and  that  here  the  facts  are  directly  opposed  to  the  assumption 
that  hydrolysis  is  caused  by  hydrogen  ions.  In  the  experiments 
cited  the  relation  between  concentration  of  acid  and  effect  rises 
like  the  tension  of  a  gas  partially  combined  with  water  and  the 
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effect  of  high  concentration  in  aqueous  solution  of  chlorhydric 
acid  aloue,  and  especially  with  addition  of  zinc  chtoride, 
recalls  the  activity  imparted  to  gases  condensed  on  platinum  or 
palladium.  Ostwald  discusses  the  action  of  these  metals  under 
the  same  heading  as  catalysis  attributed  to  the  ions  of  hydrogen, 
iron,  manganese,  etc.,  and  OH  ions,  and  also  places  ferments  asd 
enzymes  beside  them,  saying  there  is  no  great  doubt  that  the  laws 
governing  the  action  of  these  bodies  are  not  essentially  different 
from  those  of  inorganic  catalysors. 

Taking  these  definitions  together,  they  apply  in  very  few  points 
to  the  case  of  hydrolysis  by  concentrated  adds. 

The  question  of  ionic  dissociation  presents  new  aspects  in  this 
case.  Usually  the  compounds  subjected  to  catalysis  have  been 
like  sugar  and  esters,  incapable  of  any  marked  degree  of  disso- 
ciation in  aqueous  solution.  The  sulphouic  acids,  on  the  con- 
trary, are  dissociated  to  nearly  the  same  degree  as  the  strongest 
adds,  when  in  dilute  solution,  and  although  very  little  is  known 
of  the  dissociation  of  strong  adds  in  concentrated  solution,  it 
well  may  be  considerable.  If  hydrolysis  only  takes  place  upon 
undissociated  molecules,  then  the  increased  rapidity  due  to  high 
concentration  of  the  acid  solution  and  to  addition  of  zinc  chloride 
may  be  ascribed  to  the  prevention  of  the  dissociation  of  the  cata- 
lyzed body,  while  that  of  the  catalysor  subsists  to  a  certain  degree. 

Experiments  at  diSerent  temperatures  and  with  more  sensitiTC 
bodies  like  mesitylenesulphonic  acid  which  acts  at  low  tempera- 
tures and  with  weaker  acids,  may  throw  some  light  upon  this  sub- 
ject. 

The  usefulness  is  evident  of  a  minute  study  of  the  difference 
of  behavior  of  the  sulphonic  acids,  for  it  may  obviously  lead  to 
methods  of  separation  of  the  hydrocarbons  and  the  acids.  Several 
authors  have  described  such  methods  for  the  separation  of  meta- 
and  paraxylene,  and  I  have  found  during  this  series  of  experi- 
ments that  mesitylenesulphonic  add,  when  heated  to  80°  for  fif- 
teen minutes  with  38  per  cent,  chlorhydric  acid,  is  almost  wholly 
decomposed,  while  pseudocumenesulphonic  add,  heated  under  the 
same  circumstances,  gives  no  sign  of  the  separation  of  pseudo- 
cumene  after  five  hours.  Armstrong  has  used  this  difference  of 
action  to  separate  the  two  hydrocarbons  by  heating  their  sul- 
phonic acids  with  chlorhydric  acid  at  100°,  but  the  statement 
attributed  to  him  in  Beilstein  II,  29,  is  incorrect ;  namely,  that 
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pseudocumenesulphonic  acid  is  not  decomposed  by  heating  for 
one  hour  with  strong  chlorhydric  add  at  100®.  There  is  difiS- 
cnlty  in  getting  the  rate  for  the  first  hour,  because  the  pseudo- 
cumenesulphonic acid  does  not  dissolve  rapidly  in  strong  chlorhy- 
dric add  at  100°,  but  the  following  determinations  show  the  rate 
for  subsequent  hours : 

Ten  grams  pseudocumenesulphonic  acid,  heated  to  100°,  with  35 
grams  chlorhydric  acid  (38.4  percent.  HCl),  gave  the  following 
results : 

Fseudocumene.  Pseudocumene. 

Hoars.  Percent.  Hours.  Percent. 

Il  24.7  6i  95.9 

2\  42.3  7i  IOI.6 

3i  61.8  Si  103.8 

4i  76.6  9}  100.3 

5\  90-5  loi  100.3 

The  impossible  results,  103.8  per  cent.,  etc.,  may  be  due  to  the 
fact  that  a  small  amount  of  anhydrous  sulphonic  acid  separates  out 
and  dissolves  in  the  layer  of  hydrocarbon  and  is  only  slowly 
decomposed.  All  the  results  are  too  high  for  the  same  reason  and 
a  similar  error,  but  a  very  small  one,  attaches  to  the  preceding 
experiments  with  xylene.  The  fact  that  pseudocumenesulphonic 
add  loses  a  little  water  on  long  standing  may  also  account  for  the 
above  result. 

Armstrong's  observations  were  undoubtedly  exact,  but  he  is 
misquoted  by  Beilstein.  He  really  states^  that  an  oily  layer  is 
formed  by  adding  water  to  the  immediate  product  of  the  action  of 
solphuric  add  upon  pseudocumene  and  this  oil,  added  to  an  equal 
volume  of  common  chlorhydric  add,  is  not  decomposed  by  heating 
one  hour  to  100*^.  No  strength  of  acid  is  given,  but  the  oily  layer 
so  described  contains  anhydrous  pseudocumenesulphonic  acid  in 
solution  in  aqueous  sulphuric  add,  and  the  water  present  proba- 
bly suffices  to  dilute  the  acids  to  the  point  where  no  perceptible 
decomposition  takes  place  during  one  hour  at  100^. 

The  name  catalysis  has  been  used  after  much  hesitation,  and  it 
is  only  meant  to  imply  that  the  rapidity  of  the  action  does  not 
seem  to  be  determined  by  the  ordinary  chemical  forces  of  the 
bodies  undergoing  change,  but  rather  that  these  forces  are  set 
in  action  in  a  peculiar  way  by  an  outside  agent. 

Massachubstts  Institute  of 
Techhoixxjt,  Boston, 
Pebmaryad,  1901. 

^  Ber.  d.  dktm.  Ges.^  11,  1697. 


POUNDS  OF  nETHYL  SULPHIDE  WITH  HALIDES  OF 
METALS. 

By  Fhancis  C.  Phillips. 

7 KEN  methyl  sulphide  is  added  to  a  solution  of  paUadium 
dichloride  a  volutnioous  yellow  precipitate  is  produced. 
h  J5  apparently  flocculent,  but  upon  microscopic exami nation 
■n  to  consist  of  very  fine  indistinct  crystals. 
the  liquid  containing  the  precipitate  is  heated,  the  precipi- 
redissolves,  giving  a  liquid  of  a  bright  orange  color.  On 
ag,  this  solution  deposits  orange  colored  needle-shaped 
als  which  may  be  washed  and  dried,  apparently  without 
ge,  and  are  stable  in  air  and  unaffected  by  tight.  Tbe 
als  are  quite  soluble  in  boiling  water,  but  very  slightly  solu- 
1  the  cold. 

1  analysis  of  the  crystals  was  made  in  the  following  manner: 
portion  of  the  substance  was  dissolved  in  water  and  a  curreot 
irbon  monoxide  passed  through  the  solution,  which  was  kept 
a  water-bath.  Metallic  palladium  was  precipitated.  This 
51tered  through  an  asbestos  filter,  previously  weighed.  After 
ig,  the  metal  was  heated  in  a  stream  of  hydrogen,  and  then, 
jut  admitting  air,  drj-  nitrogen  was  passed  through  the  tube, 
:he  metal  finally  allowed  to  cool  in  the  stream  of  nitrogen. 
;riments  demonstrated  that  the  finely  divided  palladium  conld 
lus  easily  brought  to  constant  weight.  The  nitrogen  used 
prepared  from  air  by  the  use  of  alkaline  pyrogallate  to 
ve  oxygen,  and  subsequent  passage  over  a  heated  mixture 
ipper  and  copper  oxide.  The  hydrogen  chloride  in  the  fil- 
from  the  palladium  was  neutralized  by  zinc  and  the  chlorine 
determined  vol uraetri call y  by  silver  nitrate  solution. 
le  determination  of  sulphur  presented  difficulties.  Many 
riments  were  made  in  attempts  to  oxidize  the  sulphur  of  the 
)Ouud  to  sulphuric  acid  by  fusion  with  various  mixtures  of 
ine  carbonate  with  nitrate  and  chlorate,  and  with  sodium 
side.  All  these  experiments  proved  fruitless,  as  in  every 
a  portion  of  the  sulphur  was  lost  by  volatilization.  Heat- 
vith  nitric  acid  in  a  sealed  tube,  failed  to  yield  complete 
ition,  even  at  temperatures  which  involved  danger  to  the 
The  ordinary  reagents  which   might  be  looked  to  for  the 
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conversion  of  sulphur  into  sulphuric  acid,  are  of  little  use  in  the 
case  of  alkyl  sulphides  and  their  compounds.  The  most  feasible 
method  seemed  to  be  by  direct  combustion  in  oxygen,  and  this 
was  attempted  in  the  following  manner :  The  substance  contained 
in  a  porcelain  boat  was  placed  in  a  porcelain  combustion  tube 
which  was  heated  to  a  high  temperature  in  a  furnace.  The  front 
end  of  this  tube  passed  through  a  cork  in  the  neck  of  a  nitrogen 
flask,  containing  a  solution  of  sodium  hypobromite.  To  permit 
of  this  mode  of  connection,  it  was  necessary  to  place  the  furnace 
in  a  strongly  inclined  position.  The  products  of  the  combustion 
passed  through  a  roll  of  platinum  gauze,  10  cm.  long,  rolled 
tightly,  and  completely  filling  the  cross-section  of  the  combustion 
tube.  After  passing  the  sodium  hypobromite  solution  in  the 
nitrogen  flask,  the  products  were  led  into  a  bottle  of  7  liters' 
capacity  containing  a  little  bromine  water.  A  soft  cork,  soaked 
in  melted  spermaceti,  served  to  connect  the  side  tube  of  the  nitro- 
gen flask  with  that  leading  into  the  large  bottle.  Thus  rubber 
tube  connections  were  wholly  avoided.  The  sodium  hypo- 
bromite solution  together  with  the  washings  of  the  large  bottle 
and  combustion  tube  were  acidulated,  evaporated,  and  the  sul- 
phur determined  by  weighing  as  barium  sulphate. 

Experiments  were  tried  also  in  heating  the  methyl  sulphide 
compound  in  carefully  purified  hydrogen.  The  same  apparatus 
and  reagents  were  used  as  in  case  of  the  emplo5rment  of  oxygen, 
the  hydrogen  sulphide  produced  being  then  oxidized  by  the 
sodium  hypobromite  to  sulphuric  acid.  There  seems,  however, 
to  be  some  danger  of  dissociation  of  the  hydrogen  sulphide  and 
possible  deposition  of  sulphur  in  the  colder  parts  of  the  combus- 
tion tube.  Determinations  by  the  methods  described  yielded  the 
following  results : 

Per  cent. 
Palladium 35-09 

35.19 
Chlorine 23.75 

23.57 

23.65 
Sulphur 21.57 

21.40 

21.41 

The  analytical  results  indicate  for  the  compound  the  composi- 
tion PdCl,2(CH,),S,  the  calculated  percentages  in  the  case  of  such 
a  compound  being : 
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Palladium 35'4I 

Chloriae 33.46 

Sulphur -' ai.ai 

The  above  formula  is  similar  to  that  given  by  Enebuske'  to  tlie 
□pound  of  methyl  sulphide  with  platinous  chloride, 
!;i,2(CH,),S,  The  palladium  chloride  methyl  sulphide  is  quite 
ble  in  solid  form.  In  solution  it  is  susceptible  to  the  same 
inges  as  those  undergone  by  palladium  dichloride.  In  solution 
s  reduced  by  carbon  monoxide  and  more  slowly  also  by  hydro- 
1.  In  the  solid  state  it  is  reduced  by  hydrogen  in  the  cold, 
h  setting  free  of  methyl  sulphide  and  hydrogen  chloride, 
)ne  hundred  grams  of  water  dissolved  at  26.1"  C,  0.15  gram 
the  compound.  The  solution  in  water  and  also  the  dry  sub- 
nee  possess  a  slight  odor  of  methyl  sulphide.  It  is  soluble  in  a 
;at  number  of  oiganic  liquids,  including  benzene,  ether,  alco- 
.,  chloroform,  acetone,  ethylene  dibromide,  carbon  disulphide, 
thyl  iodide,  commercial  amylene,  and  gasoline.  It  fuses  at 
["  C. ,  solidifying  again  on  cooling  to  a  red  crystalline  mass. 
seemed  to  be  of  interest  to  learn  something  of  the  products  of 
decomposition  by  heat.  For  this  purpose,  it  was  heated  in 
rogen.  At  310°  an  evolution  of  methyl  sulphide  began,  and 
itinued  until  the  temperature  rose  to  260°,  when  a  black  resi- 
i  wasjleft,  which  proved  on  analysis  to  consist  of  nearly  pure 
ladious'sulphide.  The  gas  escaping  at  the  higher  tempera- 
e,  after  being  passed  through  water  to  remove  any  hydrogen 
oride  which  might  be  present,  was  led  through  a  glass  tube  con- 
ning sodium  carbonate  heated  to  redness.  The  sodium  car- 
late  was  afterwards  tested  and  found  to  have  absorbed  chlorine, 
lien  the  escaping  gas  was  led  through  a  solution  of  potassium 
drosulphide,  methyl  hydrosulphide  was  easily  detected  by  its 
<:tions  toward  ammoniacal  solutions  of  silver  nitrate  and  of 
iper  sulphate.  It  was  found  that  hydrogen  chloride  is  not 
>lved  on  heating  the  compound.  Hence,  as  chlorine  had  been 
md,  andjalsothe  radical  methyl,  the  compound  methyl  chloride 
s  indicated.  Moderately  heated,  therefore,  the  compound  yields 
a  portion  of  its  methyl  sulphide.  At  a  more  intense  heat  it 
lids  methyl  chloride,  palladium  sulphide  remaining  as  a  residue. 
As  regards  the  constitution  of  the  compound,  it  would  seem 

'  J.  pratl.  Ch,m..  [i],  j8,  35S  (ifS9). 
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that  the  sulphur  of  the  methyl  sulphide  might  be  tetravalent. 
The  formula  might  possibly  be  written : 

CI  CI 


(CH,),=S— Pd-^=(CH,).. 

This  is  improbable,  however,  because  the  compound  seems  to 
contain  chlorine  linked  with  palladium,  since  hydrogen  reduces 
the  dry  compound  in  the  cold,  just  as  it  reduces  dry  palladium 
-chloride,  yielding  hydrogen  chloride  in  both  cases. 

It  seemed  to  be  of  interest  to  study  other  compounds  of  methyl 
sulphide  with  halides  of  metals.  The  literature  of  the  subject  is 
scanty,  little  attention  having  been  given  to  compounds  of  this  class, 
since  Loir*  in  1853  described  the  compounds  of  methyl  sulphide 
with  mercuric  chloride  and  iodide,  and  with  platinic  chloride. 

For  the  preparation  of  the  compounds  described  in  this  paper, 
it  was  necessary  to  obtain  pure  methyl  sulphide.  This  was  made 
by  the  method  of  Klason,'  by  distilling  a  mixture  of  sodium 
methyl  sulphate  with  sodium  sulphide. 

COMPOUND  OP    METHYL  SULPHIDE  WITH   MERCURIC   CHLORIDE. 

• 

On  adding  methyl  sulphide  to  a  solution  of  mercuric  chloride, 
a  bulky  precipitate  of  a  white  color  is  produced,  which  is  seen 
under  the  microscope  to  be  made  up  of  indistinct  crystalline 
needles.  Exposed  in  a  dry  state  to  sunlight,  the  substance 
becomes  somewhat  darker  in  color.  If  preserved  for  some  time 
in  the  solution  in  which  it  has  been  formed,  it  assumes  a  much 
more  decidedly  crystalline  character.  It  is  slightly  soluble  in 
water  and  more  soluble  in  alcohol.  The  solution  has  a  slight 
odor  of  methyl  sulphide.  It  is  slightly  soluble  in  chloroform, 
carbon  disulphide,  ethylene  dibromide,  commercial  amylene, 
benzene,  acetone,  and  in  petroleum  gasoline.  The  solution  in 
water  yields  a  heavy  yellow  precipitate  with  caustic  alkalies, 
and  in  other  respects,  the  reactions  in  solution  are  similar  to 
those  of  mercuric  chloride. 

Its  melting-point  varies  with  the  rate  of  heating,  as  it  under- 
goes partial  decomposition,  losing  some  of  its  methyl  sulphide. 
When  heated  rather  rapidly  the  lowest  melting-point  observed 
was  150^-151°,  but  if  the  heat  is  applied  more  slowly,  its  color 

I  Ann.  Chem.  u.  Fharm.^  87,  369  (1853)  ;  Compt.  rend.,  34,  1095. 
>  Btr.  d.  chem.  Ges.,  (1887),  3406. 


FRANCIS  C.    PHILLIPS. 

darker,  and  as  the  result  of  a  partial  decomposition  it 
t  a  varying  Eiod  much  higher  temperature, 
ed  in  purified  nitrogen  it  gives  oS  methyl  sulphide  at 
50*,  and  at  170°  white  needle-shaped  crystals  form  as  a 
ite.  No  sulphide  of  mercury  is  formed  as  a  result  of 
;.  In  the  analysis  of  the  compound  the  sulphur  was 
Lued  by  combustion  in  oxygen,  as  described  in  case  of  the 
im  compound.  Mercury  was  determined  by  precipitation 
aqueous  solution  by  hydrogen  sulphide  and  weighing  as 
ic  sulphide.  Chlorine  was  determined  by  decompositi<m 
compound  by  zinc  in  presence  of  water  and  titration  by 
litrate  solution.    The  results  of  the  analysis  are  as  follows: 

PerccnL 

Mercury 64.17 

64.07 
64.19 

Chlorine 33.36 


Sulphur 6.63 

e.84 
6.76 
6.73 
r  determinations  were  made  in  the  case  of  the  same  com- 
ifter  crystallizing  from  alcohol.    The  results  were : 

Mercury 64.41 

64.31 

Chlorine 23.60 

".53 
alculated  percentages  in  the  case  of  a  compound  having 
nula  3HgCl„2(CH,),S  are  as  follows : 

Mercury 64.63 

Chlorine 31.70 

Salphur 6.42 

assigns  to  the  compound,  obtained  on  adding  methyl  sui- 
te mercuric  chloride,  the  formula  HgCl,(CH,)^. 
is  have  been  made  of  many  preparations  of  the  mercuric 
:  methyl  sulphide  compound,  but  in  no  case  has  a  product 
tained  having  the  composition  stated  by  Loir. 
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COMPOUND  OF  METHYL  SULPHIDE  WITH  CUPKOUS  CHLORIDE. 
^Hten  methyl  sulphide  is  added  to  a  concentrated  solution  of 
copric  chloride,  the  color  of  the  liquid  changes  from  green  to 
dark  brown,  and  heat  is  evolved.  After  standing  for  a  few  hours, 
amass  of  white  crystalline  scales  forms  at  the  bottom.  The 
compound,  if  rapidly  washed  and  dried,  is  white,  but  it  is  liable 
to  turn  to  a  yellowish  green  during  drying.  Exclusion  of  air 
does  not  serve  completely  to  prevent  this  change  of  color.  The 
oystals  are  almost  insoluble  in  water,  and  are  very  slightly  solu- 
ble in  the  various  organic  liquids  mentioned  in  connection  with 
the  mercury  compound.  Boiling  with  water  seems  to  expel 
part  of  the  methyl  sulphide.  The  substance  dissolves  in  ammo- 
nia and  in  nitric  add. 

Caustic  alkalies  decompose  it,  yielding  an  insoluble  brownish 
red  powder.  Digestion  of  the  substance  with  hydrogen  sulphide, 
fradtially  changes  it  to  copper  sulphide.  This  reaction  was  made 
use  oE  for  a  determination  of  the  copper,  the  sulphide  being 
ignited,  redissolved,  precipitated  by  sodium  hydroxide,  and 
weighed  as  cupric  oxide.  Chlorine  was  determined  in  the  filtrate 
from  the  copper  sulphide  by  the  method  already  mentioned.  As 
there  seemed  to  be  a  possibility  that  the  chlorine  might  be  linked 
to  carbon  rather  than  to  copper,  and  that  consequently  it  might 
not  be  fully  set  free  as  hydrochloric  acid  in  decomposing  the  com- 
pound by  hydrogen  sulphide,  determinations  were  also  made  by 
heating  the  substance  in  a  combustion  tube  traversed  by  a  stream 
of  hydrogen,  absorption  of  the  hydrogen  chloride  produced  in 
water,  neutralization  by  zinc  and  titration  by  silver  nitrate  solu- 
tioii.  Determinations  were  also  made  by  decomposition  of  the 
copper  chloride  compound  by  magnesium  powder  and  titration  of 
the  chlorine  as  magnesium  chloride.  Sulphur  was  determined 
by  the  method  of  combustion  in  oxygen  already  desctibed.  The 
results  of  analysis  were  as  follows ; 
Pet  cent. 

Copper 39.11 

39- '3 

Chlonne 31. H5  1  Decomposition  of  the  compoand 

2f.8o  )  by  hydrogen  sulphide. 

21  77  f'^e*^'^™P°*itionby  magnewum. 
31.761  Decomposition     by    heating    in 
31.60/  hydrogen. 

Sulphur 19.63 

19.70 
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le  calculated  percentages  of  the  constituents  named  in  the 
of  a  compound  having  the  composition  CuCl  (CH,)^  are : 
Perccdl. 

Copper 39.46 

Cbloiine aa.oo 

Sulphur '9'90 

tprous  chloride  methyl  sulphide  heated  in  nitrogen  gives  off 
tyl  sulphide  at  about  100°  C,  and  continues  to  lose  methyl 
dide  until  the  temperature  reaches  about  200°  C.  After 
ing  to  a  somewhat  higher  temperature  the  chlorine  present 
le  residue  in  one'experiment  was  found  to  amount  to  21.5} 
:ent.  of  the  original  weight  of  the  portion  of  the  compound 
oyed. 

t  a  temperature  above  400°  the  compound  yields  a  mixture  of 
er  sulphide  and  copper  in  wire  fonn.  The  reaction  occurring 
een  methyl  sulphide  and  the  solution  of  cupric  chloride  which 
i  to  the  formation  of  the  compound  CuCl(CH,)^,  is  char- 
ized  by  great  intensity  as  evidenced  by  the  heat  evolved  and 
le  promptness  of  the  change.  One-half  of  the  chlorine  in  the 
ic  chloride  is  eliminated  and  in  its  stead  methyl  sulphide  be- 
:s  linked  to  the  copper.  Apparently,  therefore,  the  substance 
Iting  should  be  a  cupric  compound.  Judged  by  its  white  color 
its  chemical  properties  it  is,  apparently,  to  be  classed  as  a  cu* 
3  and  not  as  a  cupric  compound.  Yet  it  does  not  seem  probable 
the  copper  atoms  can  be  in  this  case  linked  as  is  supposed  to 

Cu— CI 
le  case  in  cuprous  chloride,     |  The  constitution  of 

Cu— CI 
ximpound  might  perhaps  be  expressed  by  the  formula 

Cu— CI 
I 

S  =  (CH,), 
I 

S  =  (CH,), 
I 

Cu— CI 

hich  the  sulphur  appears  to  be  tetravalent.  The  copper 
1  is  no  doubt  linked  more  firmly  to  the  chlorine  than  to  the 
fiur  of  the  methyl  sulphide.  The  question  as  to  the  dassifi- 
n  of  the  compound  as  cuprous  or  cupric,  seems  to  depend 
ly  on  whether  there  are  one  or  two  carbon  atoms  linked  to 
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the  copper  atom.  The  Unking  of  a  chlorine  atom,  togethrt  with 
the  snlpbuT  atom  of  a  methyl  sulphide  group  to  a  copper  atom, 
seems  to  impart  to  the  compound  a  cuprous  character  as  if  the 
dJorioe  atom  alone  were  present. 

COMPOUND  OF  METHYL  SULPHIDE  WITH  GOLD  CHLORIDE. 

When  methyl  sulphide  is  added  to  a  solution  of  auric  chloride, 
mnch  heat  is  evolved,  and  an  escape  of  hydrogen  chloride  occurs 
while  anapparentlyflocculent  white  precipitate  is  produced.  This 
precipitate  is  insoluble  in  water,  but  slightly  soluble  in  alcohol. 
It  may  be  washed  and  dried  at  room  temperature  by  gaslight. 
It  is  rapidly  decomposed  by  sunlight,  yielding  metallic  gold, 
methyl  sulphide,  and  hydrogen  chloride.  If  preserved  in  a  dark 
place  for  a  few  weeks  in  the  solution  in  which  it  was  formed,  and 
in  presence  of  a  slight  excess  of  methyl  sulphide,  it  assumes  the 
sbape  of  colorless  crystalline  needles. 

It  dissolves  in  various  organic  liquids,  out  the  solutions  soon 
deposit  metallic  gold.  A  determination  of  gold  was  made  by 
exposing  the  substance  under  water  to  direct  sunlight.  The 
^Id  was  rapidly  reduced  and  was  filtered  out,  burnt,  and  weighed 
in  the  metallic  state.  The  chlorine  was  determined  volumetri- 
cally  in  the  filtrate  from  the  gold.  The  sulphur  was  determined 
by  combustion  in  oxygen,  and  weighing  as  barium  sulphate. 

The  following  analytical  results  were  obtained  : 

Percent. 

Gold 67.16 

66.98 
66^7 
67.41 

Chlorine la.ja 

i»-3S 


SulpboT 10.99 

/CI 

These  results  suggest  the  composition  Au<  ,  since  cal- 

^(CH.), 
dilation  shows  that  such  a  compound  would  contain  : 

Per  cent 
Gold 66.90 

Chlorine ia.02 

Sulphur 10.87 
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The  gold  compound  was  heated  in  nitrogen,  when  it  was  found 
that  an  evolution  of  methyl  sulphide  begins  at  about  ioo°  and 
continues  until  the  temperature  approaches  300°.  At  higher 
temperature,  pure  gold  is  left  as  a  residue. 

The  reaction  leading  to  the  formation  of  the  gold  compound 
resembles  that  by  which  the  copper  compound  is  produced,  in 
that  the  auric  chloride  undergoes  reduction,  and  the  aureus  chlo- 
ride then  unites  with  methyl  sulphide.  A  trivalent  gold  atom  ap- 
pears to  have  its  affinities  satisfied  partly  by  a  chlorine  atom,  and 
partly  by  the  sulphur  atom  of  a  methyl  sulphide  group. 

It  seems  that  in  the  compounds  which  have  been  here  men- 
tioned the  metal  is  more  firmly  linked  to  the  halogen  than  to  the 
sulphur  of  the  methyl  sulphide,  and  that  the  part  played  by  the 
methyl  sulphide  is  somewhat  like  that  of  water  in  various 
hydrated  salts.  Ferrous  chloride  remains  a  ferrous  compound  no 
matter  what  may  be  the  number  of  water  molecules  with  which 
it  combines. 

Hydrated  magnesium  chloride  is  well  known  to  lose  hydro- 
chloric acid  on  strong  heating  and  in  a  somewhat  analogous 
fashion  some  of  the  compounds  of  metallic  halides  with  methyl 
sulphide  decompose  on  heating  into  metallic  sulphide  and 
methyl  chloride. 

A  further  study  of  compounds  of  alkyl  sulphide  with  other 
metallic  halides  is  in  hand. 

My  acknowledgments  are  due  to  Mr.  J.  C.  Fetterraan,  assistant 
in  this  laboratory,  for  his  skill  and  careful  attention  to  details  in 
conducting  many  difficult  and  somewhat  tedious  analyses  in  con- 
nection with  this  work. 


A  NEW  riETHOD  FOR  THE  ESTIMATION  OF  SOLUBLE 

NITROCELLULOSE  IN  GUNCOTTON  AND 

SMOKELESS  POWDER. 

A  SHORT  review  of  the  methods  now  in  use  for  the  estimation 
of  soluble  nitrocellulose  in  guncottou  and  smokeless  powder 
may  be  of  interest  to  those  who  are  not  familiar  with  the  subject 
under  consideration.  For  this  reason  a  brief  description  will  be 
given  here  of  the  two  methods  most  generally  in  use  ;  namely, 
the  (so-called)  aliquot  method,  and  the  residual  method  which  is 
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at  present  in  use  by  the  United  States  govemtnent  as  the  official 
metliod. 

The  first-named  method  is  essentially  as  follows  :  A  weighed 
portion,  about  i  gram,  of  the  dried  and  finely  divided  sample  of 
gnncotton,  or  colloided  powder  is  placed  in  a  vessel  of  suitable 
shape,  pro\-ided  with  a  tight  glass  stopper,  and  is  treated  therein 
with  250  cc.  of  a  mixture  of  ether-alcohol  2  :  i  by  volume.  The 
nmtents  of  the  vessel  are  thoroughly  agitated  by  shaking  until 
ail  the  soluble  nitrocellulose  is  in  solution.  An  aliquot  portion  of 
this  soIntioD  is  now  taken  and  placed  in  a  small  tared  Erlenmeyer 
flask,  of  about  100  cc.  capacity,  and  is  evaporated  to  dryness 
therein  at  a  temperature  of  65.5°  C,  the  final  drying  being  made 
at  100°  C.  The  Erlenmeyer  flask  is  now  cooled  and  weighed  and 
the  percentage  of  soluble  nitrocellulose  calculated  from  the  weight 
of  the  colloid  so  obtained. 

Although  this  method,  as  used  in  this  laboratory,  gives  very 
aecnrate  results,  the  opportunities  for  errors  are  many  and  various, 
and  it  requires  much  care  to  avoid  them. 

The  second  method,  referred  to  as  the  residual  method,  gives 
verj-  unsatisfactory  results.  It  is  essentially  as  follows  (taken 
rerbatim  from  the  United  States  government  syllabus)  :  "About 
1.5  grams  of  the  finely  divided,  dry  sample  are  treated  in  a  cov- 
ered beaker  or  other  suitable  vessel,  with  350  cc.  of  a  mixture  of 
I  volnme  absolute  alcohol,  C.  P. ,  and3  volumes  of  strongest  ether, 
C.  P.,  with  frequent  stirring,  for  not  less  than  two  hours.  (Four 
hours  are  frequently  necessary  for  complete  solution. )  The  ves- 
sel is  kept  covered  to  prevent  loss  by  evaporation.  The  residue 
is  allowed  to  settle  and  the  supernatant  liquid  decanted  through 
an  asbestos  filter,  made  from  well  purified  asbestos  fiber.  The 
filler  is  placed  in  the  neck  of  a  flask  or  otherwise  protected  to 
aroid  loss  of  solvent  by  evaporation  during  filtration. 

"The  residue  in  the  fiask  is  then  treated  with  a  further  quantity 
of  200  cc.  of  ether-alcohol  mixture,  and  again  thoroughly  stirred 
until  extraction  is  complete  ;  and  the  whole  mass  is  then  settled. 
The  dear  liquid  may  be  decanted,  and  the  remainder  filtered 
through  the  asbestos  fiber  and  well  washed  by  successive  portions 
of  ether-alcohol.  The  filter  is  then  partially  dried  at  40°  C. ,  aud 
thedrj-ing  completed  by  exposure  to  a  temperature  of  100°  C. 
tor  two  hours.  The  loss  (minus  any  volatile  matter,  if  present) 
represents  soluble  nitrocellulose." 


t6o 
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The  main  difficulty  encountered  in  the  operation  of  this  method 
s  the  filtration  of  the  thick  colloid  formed  by  the  guncotton  and 
:ther-alcohol.  It  is  practically  impossible  to  effect  the  passage  of 
:he  thick  colloid  through  an  asbestos  filter  without  the  aid  of 
p'eat  pressure,  and  a  large  expenditure  of  valuable  time,  for  the 
iltration  is  extremely  slow  even  under  the  most  favorable  condi- 
ions.  Another  strong  objection  to  the  method  lies  in  the  fact 
:hat  it  usually  requires  four  or  five  days  for  the  completion  of  an 
inalysis  by  this  method,  which  renders  it  practically  valueless  for 
nanufacturers. 

The  above  outlined  syllabi  are  merely  intended  to  convey  a 
general  idea  of  the  methods  in  use,  and  to  show  in  a  general  wa; 
:he  objections  to  each  method.  It  was  to  overcome  these  objec- 
ionable  features  in  the  methods  above  described  that  the  follon^- 
ng  method  was  devised  by  the  writer,  which  may  be  termed  the 
'  centrifugal  method." 

As  far  as  the  author  is  aware,  the  theory  of  centrifugal  sedi- 
nentation  has  never  as  yet  been  applied  to  this  particular  subject. 
The  application  of  thistheorj'  to  the  analysis  of  smokeless  powder 
s  as  follows  : 

APPARATUS. 

The  apparatus  consists  of  a  centrifugal  machine,  essentially  as 
M 


lri^4 


'rig.£ 
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per  attached  sketch.  The  vertical  driving  shaft  (C)  carries  at  its 
upper  extremity  a  horizootal  arm  (5),  at  its  lower  extremity  the 
dri^-ing  pulley  (D).  To  each  end  of  the  horizontal  arm  (B)  are 
attached  adjustable  cups  (a'a')  arranged  on  side  pivots,  so  that 
they  may  assume  a  horizontal  position  when  in  motion. 

LcngUi.    DUm.  Width.  Dcptb.  Thick.        Miterial. 

Drinng  shaft  ( C) . .     161"       lit"  Machine Bteel 

HoriaonUlanD  (S)     17*      {^il*     1*    Forged  steel 

Pulley  (ZJ) 4i*  5*  Cast  iron 

Fixed  cops  (a'a')  ■      ■•    iiiiide-2*'      inside-4'^    ..  Steel 

B«ring(AO i"  r  Steel 

Rnolntiotii  per  miDute  of  arm  [B) aooo 

Total  centrifugal  force  at  (A) 430    lb.   (about) 

Power  required t   H.  P.  (about) 

Com  of  ctnstructioii {110.00  (approx.) 

Diam.  Depth.    ThickoeH 

Int.      Int.        of  walls.  Wcishl. 

Maminnm  cups,   F^.  3-     1.9*      4i*  tSi*"      Plane  bottom     ijoz.  max. 

Leocth         LeDKtb      Diameter   Length  be-         Uate- 
Glm 
DFBRATION. 

About  I  gram  of  the  unely  divided  (dry)  sample  of  guncotton 
or  smokeless  powder,  which  is  to  be  analyzed,  is  weighed  on  a 
watch-glass  and  is  transferred  to  the  aluminum  vessel  (Fig.  3) 
which  has  previously  been  thoroughly  cleansed  and  dried.  (Or 
the  sample  may  be  weighed  into  the  aluminum  vessel  direct,  if  so 
desired. )  To  this  is  added  50  cc.  of  alcohol  and  the  sample  is 
thoroughly  stirred  to  bring  it  into  suspension.  100  cc.  of  ether 
are  now  added  to  the  mixture  in  the  cup,  and  the  whole  is 
then  stirred  for  several  minutes.'  After  removing  the  stir- 
ling  rod,  the  aluminum  vessel  containing  the  solution  is  placed 
in  one  of  the  cups  {a'a')  of  the  centrifugal  machine  (Fig.  i) 
and  is  covered  by  a  loosely  fitting  aluminum  cap.  In  the 
other  cup  of  the  centrifugal  machine  is  placed  a  second  alu- 
minum vessel,  containing  a  second  sample  which  has  been  treated 
in  the  above  described  manner.  (In  this  way  two  determinations 
may  be  carried  on  at  the  same  time. )  The  centrifugal  machine 
is  now  started  gradually  and  allowed  to  remain  running  at  top 
speed  for  ten  to  twelve  minutes.  This  has  been  found  tti  be  a 
snffident  length  of  time  for  the  complete  sedimentation  of  all  in- 

'  See  UM  panfraph  u  to  nlvcnti. 
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lie  matter  in  the  solution.  The  machine  is  now  stopped 
lally.  and  the  aluminum  vessels  are  removed  from  the  cups 
)  and  placed  in  a  convenient  position  before  the  operator, 
isoiuble  matter  will  now  be  found  in  the  bottom  of  the  alu- 
m  vessels,  and  the  perfectly  clear  supernatant  tiqtiid  may  be 
n  oS  to  within  a  quarter  of  an  inch  of  the  bottom  of  the 
inum  vessels.  This  is  done  by  means  of  the  vacuum  pipette 
n  in  Pig.  4.  The  air  in  the  bulb  of  this  pipette  is  ex- 
ted  by  means  of  an  air-pump  before  use.  The  advantage 
3i  by  using  the  vacuum  pipette  is  very  easily  seen,  for  when 
3wer  end  of  the  pipette  is  submerged  in  the  clear  liquid  in 
luminum  vessel  and  the  lower  stop-cock  is  opened,  the  clear 
ion  from  the  vessel  at  once  rises  in  the  tube  and  passes  into 
ulb  of  the  pipette.     By  lowering  the  pipette  from  time  to 

nearly  all  the  supernatant  liquid  may  be  drawn  up  into  the 
without  disturbing  the  precipitate  in  the  bottom  of  the  vessel, 
awever,  the  precipitate  is  disturbed  it  will  at  once  be  noticed 
rises  in  the  tube  clouding  the  clear  liquid.  If  this  should 
place,  the  lower  valve  is  immediately  closed,  thus  preventing 
ccess  of  the  insoluble  matter  to  the  clear  liquid  in  the  bulb. 
upper  valve  is  now  opened,  thus  releasing  the  tension  in  the 

so  that  when  the  lower  valve  is  cautiously  opened  and  a  few 
i  of  the  liquid  are  allowed  to  run  out  of  the  tube  and  into  the 
inum  vessel,  they  carry  with  them  all  suspended  matter 
li  may  have  been  drawn  into  the  tube.  In  this  way  all  op- 
inity  for  loss  of  insoluble  matter  is  avoided.  There  now  re- 
s  in  the  aluminum  vessels  about  10  or  15  cc.  of  colloid  solu- 
and  a  film  of  insoluble  matter  on  the  bottom  of  the  vessels. 
:his  insoluble  matter  up  from  the  bottom  of  the  vessel  with 
ss  stirring  rod,  wash  the  rod  thoroughly  by  meansof  a  wash- 
i  filled  with  pure  ether- alcohol,  and  at  the  same  time  rinse 
I  the  sides  of  the  aluminum  vessels  with  the  ether-alcohol 

the  wash-bottle.  Now  add  about  50  to  75  cc.  of  fresh  ether- 
ol  to  the  mixture  in  the  vessels,  stir  it  up,  place  in  the  cen- 
tal, and  again  proceed  in  the  manner  already  described. 
operation  should  be  repeated  several  times  until  all  traces  of 
lie  matter  have  been  removed.  Seven  or  eight  washings 
lly  suffice  to  remove  entirely  all  soluble  matter.  Samples 
lining  a  high  percentage  of  insoluble  matter  may  require 
,-e  or  more  washings  to  complete  extraction. 
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After  the  extraction  has  been  completed  the  insoluble  matter  is 
transferred  to  a  weighed  Gooch  crucible  provided  with  the  usual 
asbestos  pad,  is  dried  therein  at  100**  C,  and  weighed.  If  pre- 
ferred, the  insoluble  matter  may  be  dried  and  weighed  directly  in 
the  aluminum  vessel  in  which  the  extraction  was  performed. 
The  only  objection  to  drying  and  weighing  directly  in  the  alumi- 
nnm  vessel  is  that  this  vessel  cannot  be  ignited. 

The  whole  time  required  for  an  analysis  by  this  method,  ex- 
clusive of  the  time  required  for  drying,  is^from  one  to  two  hours. 
The  average  time  which  has  been  found  necessary  to  complete  an 
analysis  is  about  one  and  one-quarter  hours,  for  it  will  readily  be 
seen  that  in  each  successive  extraction,  the  viscosity  of  the  solu- 
tion decreases,  and  consequently  the  sedimentation  is  much  more 
rapid  toward  the  end  of  the  analysis  than  it  was  in  the  beginning. 
For  instance,  the  first  solution  obtained  is  a  thick  colloid  and  re- 
quires about  ten  or  twelve  minutes  in  the  centrifugal  for  sedimen- 
tation, but  with  the  second  solution,  about  eight  minutes  in  the 
machine  will  suffice. 

This  method  is  equally  applicable  to  the  estimation  of  acetone- 
soluble  nitrocellulose,  the  operation  being  the  same  as  in  the  case 
of  the  ether-alcohol  extraction  already  described. 

The  results  obtained  by  this  method  have  been  highly  satisfac- 
tory both  for  accuracy  and  rapidity. 

The  following  analyses  were  made  on  a  sample  of  nitrocellulose 
containing  a  known  amount  of  insoluble  matter  : 


No.  of  analysis. 

Insoluble  matter  found.      Insoluble  matter  required. 
Percent.                                 Per  cent. 

3664 

0.54                                        0.69 

2665 

0.50         (Determined  by  aliquot  met 

2666 

0.59 

2667 

0-53 

These  results  may  be  improved  upon  by  further  experience  with 
the  method. 

In  laboratories  where  power  is  not  available,  the  form  of  the 
centrifugal  machine  herein  described  may  be  modified,  and  pro- 
vided with  gear  so  as  to  admit  of  its  being  run  by  hand.  The 
use  of  power  is,  of  course,  preferable.  This  syllabus  is 
based  upon  the  results  obtained  with  a  machine  of  the  dimensions 
herein  described. 

In  order  to  make  the  laboratory  analysis  analogous  to  the  pro- 
cess of  manufacture,   the  solvents  used  should  be  of  the  same 
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:rength  as  those  ordinarily  used  in  manufacture.  Care  must  be 
iken,  however,  that  the  solvents  are  free  from  all  matter  not 
slatile  at  loo"  C. 


FROM  THE  Chemical  Laboratory  op  Case  School  of 
Appued  Science,  No.  39.] 
COnPOSlTlON  OF  TEXAS  PETROLEUM. 
By  Chaklbs  F.  Mabbkv. 

NDICATIONS  of  the  presence  of  petroleum  in  Texas  in  several 
sections  have  been  observed  during  the  last  thirty  years,  and 
lacy  attempts  have  been  made  to  obtain  oil  in  sufficient  qualiti- 
es for  the  preparation  of  commercial  products.  But  it  is  only 
ithin  the  last  six  years  that  oil  has  been  found  in  suffidenC 
nounls  to  encourage  further  development.  The  principal  yield 
as  been  in  the  counties  of  Navarro,  Bexar,  Xacagdoches,  and 
[ardin,  and  the  chief  supply  has  come  from  the  Corsicana  field 
1  Navarro  County.  In  the  early  development  of  the  Corsicana 
eld  a  specimen  of  the  oil  was  briefly  examined  by  Thiele,'  who 
ave  its  specific  gravity  as  0.8296,  and  the  proportions  in  temper- 
tures  Fahrenheit  in  which  it  distilled.  The  resemblance  of  this 
il  to  Pennsylvania  and  to  Ohio  petroleum  alluded  to  by  the 
iithor  seems  to  be  scarcely  supported  by  the  meager  examination. 

Corsicana  oil  was  later  examined  by  Richardson,'  who  obtained 
srcentages  of  carbon  and  hydrogen  in  the  distillate  loo"-!  50°  at 
5  mm.,  corresponding  to  the  series  CHo. 

Another  important  section  of  the  Texas  oil  field  has  recently 
^n  developed  in  Jefferson  County,  and  it  has  suddenly  beconie 
imous  by  the  -discovery  of  a  large  pool,  under  high  pressure, 
lat  has  furnished  the  phenomenal  supply  in  the  Lucas  well, 
he  surface  indications  in  this  section,  in  the  vicinity  of  Sabine 
ass,  were  such  that  this  pool  narrowly  escaped  previous  discovery 
y  other  prospectors.  Oil  has  been  obtained  in  smaller  amounts 
ir  some  time  in  this  county,  and  the  composition  of  one  specimen 
as  ascertained  by  Mabery  and  Buck.'  This  oil  was  found  to 
>nsist  mainly  of  the  series  of  hydrocarbons  represented  by  the 
sneral  symbols  CbH„_  and  C.H„_..  It  was  an  extremely  heavy 
itroleum,  specific  gravity  0.9500.     Scarcely  any  distilled  below 
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250°  atmospheric  pressure.  Having  obtained  a  quantity  of  oil 
from  the  Lucas  well  before  it  was  capped,  I  was  interested  to  as- 
certain its  composition.  The  well  was  drilled  to  a  depth  variously 
estimated  between  1000  and  1300  feet  at  a  point  where  the  surface 
was  approximately  11 00  feet  above  sea-level,  consequently  the  oil 
pool  was  probably  200  feet  below  sea-level.  A  peculiar  method 
of  drilling  was  necessary  in  penetrating  the  wet  surface  soil  and 
400  feet  of  drift  sand.  When  the  oil  was  reached,  the  four-inch 
casing  weighing  6  tons  was  driven  out  with  such  force  that  it  was 
sent  200  feet  into  the  air  and  the  column  of  oil  which  followed 
escaped  in  such  quantities  that  the  daily  output  before  the  well 
was  capped  was  estimated  at  70,000  barrels. 

When  received  fresh  from  the  well  this  oil  gave  a  strong  odor  of 
hydrogen  sulphide.  Its  specific  gravity  at  20°  was  0.920,  corre- 
sponding to  22°  B.,  showing  it  to  be  heavier  than  the  Corsicana 
oil,  but  not  so  heavy  as  other  specimens  of  Texas  oil  examined 
in  this  laboratory.  It  is  a  high  sulphur  oil  (2. 16  per  cent. ) ,  per- 
haps the  highest  in  sulphur  of  any  petroleum  I  have  examined. 
It  contains  considerable  nitrogen,  more  than  i  per  cent.  Under 
atmospheric  pressure,  it  distilled  in  the  following  proportions  : 

i45°-20o'^.  aooO-aso®. 

Percent 4  11 

Baum^ 46®  35® 

Under  14  mm.  it  distilled  as  follows  : 

95®-iooP.        lyP-MoP.       25o°-30o°.        Residue. 

Percent 17  17  51  15 

Baum^ 29**  25®  17°  14° 

The  vacuum  distillation  was  continued  until  considerable  pro- 
portions collected  at  certain  temperatures.  To  determine  the  se- 
ries, the  distillates  i3o°-i35°,  155^-160°,  i9o°-i95°,  were  selected 
for  examination.  The  crude  fractions  were  thoroughly  purified 
with  concentrated  and  with  fuming  sulphuric  acid,  and  washed 
with  caustic  soda.  The  fraction  130*^-135°  gave  as  its  specific 
gravity  at  20**,  0.8553,  the  fraction  i55°-i6o°,  0.8746,  and  the 
fraction  i90*'-i95**,  0.8915.  To  determine  the  series,  combustions 
were  made  of  each  of  these  oils.  The  fraction  i3o°-i35°  gave 
86.86  per  cent,  carbon,  and  13.27  per  cent,  hydrogen,  which  cor- 
responds to  the  symbol  Ci,H„,  86.75  per  cent,  carbon  and  13.25 
percent,  hydrogen.  The  molecular  weight  of  this  oil  at  the 
freezing-point  of  benzene  was  found  to  be  170.  The  formula 
Ci,H^  requires  160.     The  fraction  i55°-i6o*'  gave  86.26  percent. 
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carbon  and  13. 4S  per  cent,  hydrogen  ;  required  for  the  formula 
C|,H„,  carbon  86.60  per  cent.,  hydrogen  13.40  per  cent.  The 
molecular  weight  of  this  fraction  at  the  freezing-point  of  benzene 
was  found  to  be  194.  i  ;  calculated  for  C„H„,  194.  This  formula 
was  further  confirmed  by  a  determination  of  the  index  of  refrac- 
tion which  gave  1.473,  corresponding  to  the  molecular  refraction 
62.36;  calculated  for  the  formula  C„H„,  62.33.  A  combustioa  of 
the  fraction  i9d''-I95''  gave  87.26  per  cent,  carbon  and  12.54 per 
cent,  hydrogen.  The  formula  C„H„  requires  87.03  per  cent,  car- 
bon, i2.97per  cent,  hydrogen.  The  determination  of  themolecu- 
lar  weight  of  this  fraction  at  the  freezing-point  of  benzene  gave 
322.8  ;  calculated  for  C„H„,  222.  This  formula  was  also  con- 
firmed by  the  index  of  refraction  which  gave  1.484,  correspond- 
ing to  the  molecular  refraction  71.64;  required  for  the  formula 
C„H,„,  7I-54-  The  principal  hydrocarbons  in  this  petrolenm, 
therefore,  are  members  of  the  series  C„H„_,  the  same  series  that 
Mabery  and  Buck  found  in  the  other  petroleum  mentioned  above, 
in  the  lower  portions.  Since  the  hydrocarbons  in  the  two  oils 
were  fractioned  under  different  pressures,  the  corresponding  dif- 
ferences in  temperatures  shows  an  agreement  in  percentage  com- 
position and  in  molecular  weights. 

The  residue  from  the  last  distillation  in  vacuo  gave  as  its  spe- 
cific gravity  14°  Baum^.  This  oil  is,  therefore,  less  rich  in  the 
heavier  hydrocarbons  that  make  the  most  valuable  lubricators, 
and  asphalts  than  the  heavier  Texas  oil  previously  examined. 

Since  the  hydrocarbons  in  this  oil  show  no  evidence  of  unsatn- 
ration,  their  structure  is  explained  by  the  assumption  of  a  double 
methylene  ring  and  its  derivatives.  Such  a  structure  would  cor- 
respond to  a  dihexahydro  diphenyl, 

H,    H,  H,    H, 

C_C  C_C 

C     C  C~C 

H,    H,  H,    H, 

The  hydrocarbon  Ci,H„  should  be  a  dimethyl  or  an  ethyl  deriva- 
tive, and  the  hydrocarbon  C„H„  could  contain  a  single  butyl  side 
chain,  or  an  equivalent  in  methyl,  ethyl,  or  propyl  side-chains. 
This  homologous  series  of  hydrocarbons  presents  an  interestitig 
field  for  study,  since  so  little  is  known  about  them. 
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Sieplein,  instructor,   and  Mr.  A.  H.  Goldstein,  stu- 
laboratory,  have  aided  in  the  experimental  work  on 

um.     Aid  in  carrying  00  this  work  was  received  from 

(barren  Fund  for  chemical  research. 

NOTES. 

w^/^r  Work. — The  following  work  was  done  on  the 
neter,  composed  of  a  decomposing  bulb  and  reservoii 
iplement  of  a  measuring  tube,  reduction  tube  and  reser- 
measuring  tube  had  a  capacity  of  140  cc.  The  potas- 
e  used  was  Merck's,  chemically  pure,  recrystallized, 
p^m  was  used  for  each  determination.  The  tempera- 
:  laboratory,  while  the  work  was  being  done,  was 
ely  68"  F.  The  dry  potassium  nitrate  was  weighed 
ed  weighing  bottles  and  about  15  cc.  of  sulphuricadd 
le  bottles  were  then  stoppered  and  set  aside  for  about 
UTS,  or  over  night,  by  which  time  a  clear  solution  was 
the  add  used  was  over  90  per  cent.  H,SO„  but  if  ol 
:h  a  residue,  presumably  of  potassium  sulphate,  was 
contents  of  the  weighing-bottles  were  transferred  to 
■osing  bulb  with  the  aid  of  a  wash-bottle  containing 
same  strength  as  that  used  in  the  weighing  bottles, 
rmination  32  cc.  of  acid  were  used.  The  strengths  oi 
ad  used  and  the  volume  in  cubic  centimeters  of  nitric 
)  per  gram  of  potassium  nitrate  for  each  acid  are  as 

oF  nitric  oxide  per  tcnto  poUiwIom  nitrate. 


1. 

11. 

111. 

IV. 

V. 

AvtisKe.' 

aai.o 

321.8 

333.0 

333.3 

322.3 

223.06 

3^3-3 

333.0 

333.3 

333-3 

223.2 

aa4.o 

224.3 

224.4 

224.4 

224.4 

324.3 

235.1 

234.8 

225.0 

325.2 

235.0 

335.0 

225.0 

325.0 

234.9 

335.3 

335.0 

335.03 

225.1 

335.0 

334.8 

334.9 

335.0 

324.96 

325.0 

224.9 

324.9 

225.0 

235.0 

324.96 

225-3 

225. 1 

335.3 

335.0 

335.3 

225-2 

236.3        226.0       336.3        226.2        226.0        226  I 
ace  of  4.02  cc,  of  nitric  oxide  is  thus  obtained  by  ths 
strongest  and  weakest  acids.     It  seems  probable  that 
to  the  varying  absorptive  powers  for  nitric  oxide,  ol 
t  strengths  of  sulphuric  acid  used. 
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Lunge'  states  that "  i  cc.  of  concentrated  vitriol  dissolves  0.000593 
gram  =0.035  cc.  NO."  If  this  4..02  cc.  of  nitric  oxide  per 
gram,  or  a.oi  per  half  gram  of  potassium  nitrate  is  due  to  the 
difference  of  solubility  of  nitric  oxide  in  the  first  and  last  adds 
used,  then  32  cc.  of  98.03  per  cent,  sulphuric  add  ahsorbsi.oi 
cc.  nitric  oxide  and  i  cc.  absorbs  0.0628  cc.  nitric  oxide.  For 
nitrometer  work  acid  of  about  95  per  cent.  H,SO,  appears  to  be 
the  best.  Weaker  acid  attacks  the  mercury  more  readily  andde- 
composes  nitric  acid  more  slowly.  There  is  no  objection  to 
stronger  add  except  the  difficulty  of  obtaining  it.  The 
chemically  pure  add  made  by  a  well-known  company  has  been 
found  to  vary  from  95.0  to  98.0  per  cent.  H,SO,. 

C.  H.  Shepabd. 

Chbhicai.  Iabokatorv.  U:<ian  Iboh  wokkb, 
Sas  Pkahcisco,  Cal. 
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A  TKrr-BooK  OF  Important  Minerals  and  Rocks  with  Tables  for 

THE  Determination  of  Minerals.    By  S.  B.  Tiu.man.     New  York: 

John  Wiley  &  Sons.     1900.     viii  -|-  196  pp.     Price,  }a.oo. 

The  preface  states  that  the  author  has  designed  this  book 
especially  for  the  course  in  mineralogy  at  the  West  Point  Militaiy 
Academy. 

The  subjects  are  presented  in  the  order  usual  in  most  text- 
books. Crystallography  is  treated  very  briefly:  The  six  systems 
are  defined  and  illustrated  by  a  few  examples.  Crystallographic 
symmetry  is  defined  and  contrasted  with  geometric  symmetry. 
The  chemical  and  physical  properties  of  minerals  are  reviewed  in 
a  short  chapter. 

Chapter  III  devotes  sixty-four  pages  to  well  written  descriptions 
of  about  seventy-five  spedes,  including  some  well-known  gems, 
ores  of  the  metals,  and  the  common  rock-forming  minerals. 

With  the  descriptions  brief  but  well  sdected  notes  are  given  as 
to  the  occurrence  and  economic  value  of  many  spedes. 

The  tables  for  the  determination  of  minerals  are  based  upon 
the  more  obvious  physical  characteristics  and  seem  well  adapted 
to  aid  a  class  in  the  study  of  a  collection.  The  book  closes  with 
a  classification  of  the  common  rocks. 

The  book  would  seem  well  adapted  for  a  short  practical  coarse 
in  mineralogy  if  in  the  hands  of  a  good  teacher,  otherwise  its 

■  /.  Sue.  Clum.  ltd..  (18S5).  p,  447. 
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abundance  of  definitions  would  be  out  of  proportion  to  its  brevity 
of  explanation.  N.  W.  Lord. 

Bkginebring  Chemistry.  A  Manuai,  of  QuANTiTATnrs  Chbmicai, 
Anai^ysis,  for  the  use  of  Students,  Chemists,  amb  Engineers. 
By  Thomas  B.  Stiixman,  M.Sc,  Ph.D.,  Professor  of  Analytical 
Chemistry  in  the  Stevens  Institute  of  Technology.  Second  edition.  With 
132  illustrations.  Baston,  Pa. :  The  Chemical  Publishing  Company.  1900. 
xxii  -J-  503  pp.     Price,  $4.50. 

The  first  edition  of  this  work  was  published  in  1897,  and 
reviewed  in  this  Journal,  in  that  year  (p.  272).  In  this  second 
edition  there  has  been  a  transposition  of  subject-matter  so  as  to 
bring  under  one  heading,  or  chapter,  the  consideration  of  allied 
subjects,  formerly  distributed  throughout  the  volume.  The  addi- 
tion of  new  matter  is  comparatively  small.  Some  fifteen  pages 
of  the  first  edition  have  been  omitted.  One  of  the  valuable 
characteristics  of  the  work  is  the  number  of  references  to  original 
papers  in  American,  English,  German,  and  French  scientific 
journals.  These  references  have  been  brought  up  to  date  in  this 
edition. 

There  are  some  few  matters  open  to  criticism.  The  author 
only  occasionally  directs  attention  to  the  necessity  of  repeating 
separations  in  gravimetric  work,  in  order  to  obtain  accurate 
results.  In  some  of  his  schemes  of  analysis  phosphorus  pentoxide 
is  weighed  with,  and  calculated,  as  alumina.  In  the  analysis  of 
gases  by  Hempel's  apparatus  the  explosions  are  made  over  water, 
a  method  Hempel  himself  has  rejected.  The  table  for  Baum6*s 
hydrometer  fpr  liquids  heavier  than  water,  is  entirely  incorrect. 

The  work  is  particularly  valuable  in  that  it  treats  of  both  the 
chemical  and  physical  examination  of  many  materials  and  factory 
products  that  are  rarely  noticed  in  ordinary  laboratory  manuals. 
In  comparison  with  the  downpour,  we  might  almost  say  deluge, 
of  these  latter,  a  manual  of  this  kind  is  comparatively  rare.  All 
that  has  been  said  in  commendation  of  the  work  by  the  reviewer 
of  the  first  edition  can  certainly  be  endorsed.  It  is  a  valuable 
book.  H.  Pemberton,  Jr. 

A  Manual  of  Assaying.    By  Alfred  Stanley  Miller.    First  edition. 

New  York :  John  Wiley  &  Sons.     1900.    91  pp.     Price,  |i.oo. 

This  little  book  is  to  be  recommended  chiefly  for  its  brevity 
and  clear  style.  The  various  methods  of  fire  assaying  are  so 
arranged  and  described  as  to  afford  in  the  minimum  space  a  good, 
general  idea  of  the  subject.     It  is  weak,   in  common  with  many 
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lar  works,  in  sometimes  offering  impracticable  or  act  strictly 
ect  directions  on  essential  points  and  in  describing  methods 
eqtial  to  those  in  actual  use  to-day.  In  other  words,  an  opera- 
witb  this  book  as  a  basis,  would  at  the  outset  make  but  a  slow 
indifferent  workman  in  an  up-to-date  assay  office.  This  is, 
ever,  to  a  large  extent,  simply  illustrative  of  the  difference 
teen  school  instruction  and  actual  competitive  practice,  and 
writer  knows  of  no  similar  work  that  presents  the  subject  in 
ineral  way  more  clearly  and  concisely, 

he  book  is  well  printed  in  clear,  large  type  and  contains 
lerous  illustrations.  Albert  H.  Low. 

:hooi,  Cheuistrv,  Intended  for  Use  in  High  Schools  and  in 
^BuENTARY  Ci,ASSES  IN  COLLEGES.  By  John  Waddbll.  New  Vorlc  : 
le  Macmillan  Company,  igcw.  viii  +  178  pp.  Price,  90  cents, 
he  author  assumes  very  properly,  that  most  students  fail  to 
lin  clear  notions  of  chemistry  from  their  first  course  of  lec- 
«,  or  their  early  struggles  with  text-book  and  teacher,  but  he 
iks  that  the  users  of  this  book  will  fare  better  than  their 
lecessors.  He  hopes  that  the  pupil  will  be  able  "  to  discover 
'  facts,  to  see  their  connections,  *  *  *  to  observe  the 
ortant  phenomena,  and  to  understand  their  full  significance." 
lis  hopes  should  be  realized,  only  partially,  what  a  welcome 
lid  be  accorded  this  recent  addition  to  the  crowded  ranks 
lementary  text-books ! 

ive-sixths  of  the  text  is  allotted  to  the  non-metals,  and  of  the 
als  only  the  most  common  are  mentioned.  Numerical  data 
less  prominent  than  in  most  text-books,  even  of  this  class,  and 
i  with  difficulty  can  a  few  problems  be  discovered.     Perhaps 

most  noticeable  features  of  the  book  are  the  clear  statement 
acts,  and  the  efforts  of  the  author  to  lead  the  pupil  to  observe 
ely  and  understandingly.  His  experience  as  a  teacher  and  as 
examiner,  has  enabled  him  to  present  the  subject  in  a  simple 

interesting  way,  and  a  student  who  will  read  this  book,  make 
experiments,  and  answer  conscientiously  its  interrogations, 
uld  acquire  a  clear,  and  not  Insignificant,  knowledge  of  the 
uce  and  art  of  chemistry.  L.  B.  Hall. 


If  Organic  Analysis.  Francis  Gano  Benedict.  Easton. 
I.:  The  Chemical  publishing  Company.  1900.  vi-|-S6pp.  Price,  fl.oo. 
'his  manual  gives  clear  and  accurate  directions  for  the  deter- 
ation  of  carbon  and  hydrogen  in  organic  compounds  by  com- 


NEW  BOOKS. 


271 


bastion  in  a  tube  of  glass,  porcelain,  or  platinum.  After  a  full 
discussion  of  the  reagents  and  apparatus  required  for  the  analysis 
of  compounds  containing  only  these  elements,  the  preparation  of 
the  tube  and  the  process  of  combustion  are  described  in  an  admir- 
able manner.  Directions  then  follow  for  the  combustion  of  solids 
containing,  besides  carbon  and  hydrogen,  nitrogen,  the  halogens, 
sulphur  or  the  alkali  metals,  and  also  for  the  analysis  of  explosive, 
or  difficultly  combustible  bodies,  and  liquids.  The  suggestions 
which  accompany  these  directions  are  most  valuable,  while  the 
numerous  references  to  journals  and  text-books  will  be  of  the 
greatest  assistance  when  new  compounds  are  to  be  analyzed. 

We  believe  this  book  will  be  helpful  to  all  chemists  who  may 
have  occasion  to  carry  out  the  determinations  mentioned  above, 
and  of  still  greater  value  to  the  student  of  little  experience. 

A  Handbook  op  Industrial  Organic  Chemistry.  By  Samubi.  P. 
Sadtler,  Ph.D.,  P.C.S.  Third  edition.  Philadelphia :  J.  B.  Lippincott 
Co.    ^900.     543  pp.    Price,  fo.oo. 

Chemists  who  have  had  an  opportunity  to  use  the  earlier  edi- 
tions of  Dr.  Sadtler' s  excellent  work  will  welcome  most  heartily 
this  new  edition.  It  represents  more  thoroughly  than  any  similar 
publication  the  practice  of  the  United  States  in  the  organic 
<±emical  industries  and  at  the  same  time  covers  what  is  best  in 
the  European  practice.  Pull  justification  is  found  for  the  state- 
ments of  the  preface  to  this  edition  to  the  effect  »that  '  *  every 
-chapter  has  been  revised  and  new  matter  added.  *  *  *  It 
has  been  sought  to  incorporate  in  this  book  all  of  this  advance  in 
our  knowledge  that  is  definitely  acknowledged  by  chemists.  The 
bibliography  has  in  all  chapters  been  brought  down  to  date  and 
the  statistics  are  the  most  recent  obtainable.*' 

So  we  find,  among  other  things,  new  mention  and  description 
of  the  forms  of  artificial  silk,  formaldehyde,  tanning,  d^gras, 
Rohrmann's  process  for  90  to  100  per  cent,  acetic  acid  in  one 
operation.  S.  B.  Boulton's  diagram,  illustrating  the  process  of 
distillation  of  coal,  the  latter  curiously  omitted,  although  men- 
tioned, in  the  second  edition  is  here  introduced. 

The  matter  presented  is  excellently  and  logically  classified  as 
in  the  former  edition.*  Raw  materials,  processes  of  treatment^ 
products,  analytical  tests  and  methods,  bibliography  and  statistics 
follow  each  other  in  the  order  named.     Raw  materials  and  pro- 
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i  of  treatment  are  considered  folly  but  in  a  general  way  and 
s  often  of  the  utmost  importance  to  the  manufacturer  are 
ed.  Yet  the  information  conveyed  will  be  most  useful  to 
nts  and  instructors,  while  the  analytical  tests  and  methods 
he  bibliography  and  statistics,  since  they  have  been  brought 
te,  will  be  of  great  value  and  convenience  to  the  general 
ist  and  in  many  cases  to  specialists. 

is  to  be  regretted  that  some  of  the  later  and  more  widely 
forms  of  machinery  have  not  been  included  in  the  illustra- 
of  the  book.  For  instance,  in  discussion  of  sugar  manu- 
re the  vacuum  evaporator  of  Yaryan  is  described  at  some 
h,  while  the  more  widely  applicable  forms  of  Wellner-Jelenek 
of  Swenson  are  not  noticed.  The  Hepworth  centrifugal 
ured,  but  the  Weston  and  the  Lafferty  forms  are  not  men- 
i.  In  the  discussion  of  recovery  coke  ovens,  the  older 
It  and  Simon-Carves'  ovens  are  described  and  the  later 
t-Solvay  and  Otto-Hoffmann  forms,  the  use  of  which  is  so 
y  extending,  both  in  this  country  and  in  Germany,  are  men- 
1  only  in  the  table  of  statistics.  Yet  it  must  not  be  for- 
n  that  in  such  a  volume,  devoted  to  practically  the  entire 
of  organic   industrial  chemistry,   space  is  limited  and  too 

of  it  cannot  be  devoted  to  the  various  forms  of  machinery 
ible  for  the  several  processes. 

ne  embarrassing  typographical  errors,  which  have  carried 
gh  the.  two  editions,  appear  to  have  escaped  the  attention  of 
roof-readers,  but  they  are  not  such  as  to  be  misleading, 
istance,  only  the  most  inexperienced  reader  would  be  mis- 
f  the  statement  that  starch  "  is  solublein  cold  water,  alcohol, 
,"  etc. 

s  book  is  made  in  the  attractive  style  and  finish  of  the  Lip- 
tt  Company,  is  provided  with  an  excellent  table  of  contents, 
of  illustrations,  and  an  index,  and  is  to  be  commended  to  the 
ible  consideration  of  instructors,  students,  and  working 
ists.  Wm.  McMurtrie. 

BRCiAL  Orcanic  Analysis.    By  Alfred  H.  .^llem,  F.I.C,  F.C.S. 
III.    Part    1.      Tannins,      Dyes,     and    Colobinc-Mattem, 
TING   Inks.     Third   edition.     Revised    and  edited   by   J,    Merritt 
TBEWS,  Ph.D.     Philadelphia:   P.  Blakiston's  Son  &  Co.     1900.     589 

Price,  ti-So. 

ce  the  first  edition  of  Mr.  Allen'svaluable  work,  its  horizon 
xu  considerably  enlarged,  and  the  value  of  the  work  largely 
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enhanced.  Instead  of  being  strictly  a  treatise  on  commercial 
organic  analysis,  it  has  taken  on  something  of  the  character  of  a 
technology.  It  now  treats  not  only  of  the  tests  and  methods  of 
estimation  of  organic  substances  of  commercial  value,  and  of 
methods  for  detecting  adulterations  in  them,  but  it  gives  in  many 
instances  their  history,  chemical  structure,  and  commercial 
methods  of  preparation. 

Dr.  Matthews  has  certainly  proved  himself  a  worthy  successor 
to  Mr.  Allen's  former  collaborator,  the  late  Dr.  Leffmann,  judging 
by  his  work  in  this  volume  which  includes  the  tannins,  dyes, 
coloring-matters,  and  writing  inks,  all  of  them  subjects  with 
which  he  is  thoroughly  familiar,  practically  as  well  as  theoreti* 
cally. 

The  aromatic  acids  which  were  in  Part  I,  Vol.  Ill  of  the 
second  edition,  have  been  transferred  to  Part  III,  Vol.  II  of  the 
third  edition,  which  is  in  preparation. 

The  old  material  has  been  practically  rewritten  in  bringing  it 
np  to  date  for  this  volume.  The  new  tannin  materials  are 
described,  and  our  best  knowledge  of  tannin  analysis,  which  is 
far  from  what  it  should  be,  is  g^ven  in  detail.  The  arrangement 
of  the  chapter  on  dyes  and  coloring-matters  is  entirely  changed, 
making  decided  improvement,  and  the  amount  of  material  is 
largely  increased.  Eight  pages,  at  the  end  of  the  volume,  are 
devoted  to  the  constitution  and  analysis  of  writing  inks,  and  to 
the  chemical  examination  of  ink  marks.  Almost  the  whole  of 
this  matter  is  devoted  to  the  iron  inks  with  only  a  passing 
mention  of  the  aniline  writing  fluids.  Wm.  L.  Dudley. 

Chbmicai.  Technology  or  Chemistry  in  Its  Application  to  Arts 
AND  Manufactures.  Edited  by  Chas.  E.  Groves  and  Wm.  Thorp. 
Vol  III.  Gas  Lighting,  by  Chas.  Hunt.  Philadelphia:  P. 
B]akiston*s  Son  &  Co.     1900.    xviii-f  312  pp.   lUus'     Price,  I3.50. 

It  is  eleven  years  since  the  publication  of  the  first  volume  of 
this  work  which  treated  of  fuels  ;  and  it  was  six  years  later  that 
the  second  volume,  on  *' Lighting  by  Solid  and  Liquid  lUumi- 
nants,"  made  its  appearance. 

The  present  volume  discusses  the  manufacture,  purification, 
and  distribution  of  illuminating  gas,  and  its  application  for  light- 
ing purposes,  much  in  the  same  manner,  as  other  works  of  its 
kind.  The  processes  and  methods  refer  mainly  to  English  prac- 
tice. 
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[t  is  not  to  be  expected  that  an  author  can  give  within  th« 
npass  of  300  pages,  a  complete  statement  of  even  the  present 
idition  of  the  gas  industry  and  its  collateral  branches.  The 
:sent  volume,  however,  might  have  been  considerably  enlarged 
th  great  advantage,  inasmuch  as  some  subjects  are  treated 
idequately  or  not  at  all. 

Works  of  this  character  are,  of  necessity,  largely  made  up  of 
liter,  which  in  some  form  has  been  published  or  discussed  in 
:  technical  journals,  and  we  should  be  much  better  equipped 
th  such  works  of  reference  if  there  were  fewer  of  them,  but  if 
)!>e  published  treated  the  subjects  in  a  more  exhaustive  manner. 
The  volume  will  be  found  of  much  value  on  many  points  cou- 
nted with  the  gas  industry.  It  is  well  printed  and  liberally 
istrated.  E.  G.  LovK. 

rszT-BooK  OF  Chemistry,  Intended  fo«  thb  Use  of  pharma- 

EOTICAL  AND  MBDICAL  STUDENTS.  BY  SauUEI,  P.  SadTLER,  Ph.D., 
\C.S.,  and  VIRGII,  COBLBNTZ,  Ph.D.,  P.C.S.  In  two  vols.  PhiUdelpIiu: 
.  B.  Lippincott  Co.     1900. 

This  is  a  revised  and  enlarged  edition  of  the  work  brought  ont 
ae  years  ago  by  Sadtler  and  Trimble.  Volume  I,  which  is 
7oted  to  physics,  general  and  inorganic  chemistry,  and  organic 
;mistry  represents  a  third  edition,  while  Volume  II,  on  ana- 
ical  chemistry,  is  a  second  edition. 

in  the  presentation  of  the  subject  of  chemistry  to  students  of 
dicine  and  pharmacy  it  is  extremely  difScult  to  select  the 
iper  amount  as  well  as  the  proper  kind  of  information.  In 
Her  attempts  in  this  direction  text-books  offered  to  students  in 
se  specialties  were  characterized  by  a  meageroess  in  detail  and 
ccuracy  in  statement  which  were  discouraging  to  the  teacher 
search  of  a  suitable  manual  for  class  instruction.  Even  yet 
find  books  designated  as  ' '  essentials ' '  of  chemistry  for  stu- 
its  of  medicine  and  pharmacy. 

3ut  there  is  now  great  danger  of  going  too  far  in  the  other 
ection  in  the  production  of  text-books  for  these  classes  of 
dents.  The  attempt  is  made  to  cover  a  little  of  everjthing 
the  field  of  chemistry  and  we  have,  as  a  result,  treatises  quite 
'ond  the  needs  or  capabilities  of  the  embryo  drug  clerk  or 
i'sician.  If  clearness  and  conciseness  of  statement  are  any- 
ere  in  order  it  certainly  is  in  the  chemical  text-books  for  such 
dents  who  are  usually  beginners,  and  who,  as  a  rule,   suffer 
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from  the  defects  of  irreg^ilar  preliminary  training.  A  text- book 
should  not  be  allowed  to  grow  into  a  large  handbook,  valuable 
for  reference  rather  than  for  every-day  study.  It  is  not  right 
that  a  school  text-book  to  be  placed  in  the  hands  of  boys,  begin- 
nmg  the  study  of  chemistry  in  a  college  of  medicine  or  pharmacy, 
should  be  filled  up  with  the  descriptive  matters  which  properly 
belong  in  the  pharmacopoeia,  the  dispensatories  or  in  a  treatise  on 
materia  medica,  to  the  exclusion  of  a  clear  discussion  of  the 
elementary  principles  of  the  science,  without  a  knowledge  of 
which,  the  medical  student's  notions  of  chemistry  remain  for. 
ever  hazj'  and  unsatisfactory. 

The  two  large  volumes  before  us  contain  much  that  is  valuable 
but  it  appears  to  the  writer  that  they  err  in  the  direction  sug- 
gested by  the  last  remarks.  It  is  evident  that  they  are  written 
by  practical  men  and  on  nearly  every  page  of  Volume  I  facts  and 
figures  are  given  which  are  well  to  know.  Important  data  con- 
cerning hundreds,  perhaps  thousands,  of  compounds  are  included, 
making  of  the  work  a  pretty  full  reference  book  for  most  of  the 
isolated  facts  which  the  student  of  medicine  or  pharmacy  is  sup- 
posed to  need  at  some  time.  From  this  standpoint  the  work  is 
desendng  of  commendation.  But  the  theoretical  treatment  is  by 
no  means  as  satisfactory  ;  the  student  is  introduced  to  a  mass  of 
definitions  (including  a  few  not  very  clear  paragraphs  about  ions) 
before  he  has  learned  anything  of  the  preparation  or  properties  of 
the  simpler  inorganic  substances  and  compounds,  while  in  the 
introduction  to  the  subject  of  organic  chemistry  we  have  in  the 
very  first  pages  a  discussion  of  structural  formulas,  several  kinds 
of  isomerism,  positive  and  negative  tetrahedra  and  the  difference 
between  maleic  and  fumaric  acids. 

There  are  also  a  few  mistakes  in  some  of  these  discussions  : 

what  is  said  on  page  598  about  the  optical  properties  of  organic 

compounds  is  quite  obscure,  while  the  illustrative  formula  given 

near  the  bottom  of  the  page  for  the  calculation  of  the  amount  or 

sugar     in      a      diabetic      urine      is    incorrect.     It   should   be 

100  X  I  S 

'^       On  page  593  *  *  Practical  Distillation  * '  is  written 


f  = 


52.5  X  / 

for  what  is  evidently  intended  to  be  **  Fractional  Distillation.*' 

Volume  II  contains  sections  on  qualitative  analysis,  quantita- 
tive analysis,  pharmaceutical  assaying,  urine  analysis,  and  the 
examination  of  water  and  milk.     This  work  seems  to  be  fairly 


I. 

t 


•        •!. 


fe 


^' 


276  NEW   BOOKS. 

well  compiled  and  will  doubtless  satisfy  the  needs  of  those  for 
whom  it  is  intended.  The  portion  devoted  to  pharmaceutical 
assaying  would  be  much  improved  by  including  the  simple  and 
accurate  processes  of  liquid  percolation  introduced  by  Hulsehosch 
and  modified  by  Schwickerath  and  others,  in  which  the  so-called 
perforator  is  used.  J,  H.  I/)ng. 

Laboratory  Instrdctions    in  Generai,  Chkmistrv.     Arbamged  bv 

Ernest  A.   Congdon.     Philadelphia :   P.   Blakiston's  Son  &  Co.     1901. 

1 10  pp.     8vo.     Illns. 

The  262  experiments  herein  described  accurately,  yet  tersely, 
range  from  the  simplest  demonstrations  of  physical  and  chemical 
changes,  through  the  isolation  and  study  of  the  non-metals  (so 
far  as  convenient  for  beginners)  up  to  those  dealing  with  the  law 
of  the  conservation  of  matter,  the  laws  of  Lavoisier,  of  Dalton, 
of  Charles,  of  Boyle,  and  of  Gay-I,ussac,  and  concluding  with 
methods  of  determining  molecular  and  atomic  weights.  Through- 
out the  book,  the  experiments  seem  to  be  well  graded,  carefuUj 
chosen,  and  adequately  described  ;  many  are  elucidated  by  illus- 
trations of  well  arranged  apparatus. 

The  material  is  largely  original,  and  the  author  has  had  ten 
years'  experience  in  testing  his  exercises  as  professor  in  the  Drezel 
Institute,  Philadelphia.  The  present  writer  would  suggest  thai 
the  introduction  sparingly  of  stoichiometrical  examples  might 
strengthen  the  educational  value  of  this  excellent  laboratory 
guide.  The  book  can  be  used  in  connection  with  any  standard 
text-book.  Nearly  every  experiment  is  followed  by  queriei 
intended  to  make  the  students  think  for  themselves,  and  the 
blank  pages  with  which  the  book  is  interleaved  furnish  opportu 
nities  for  recording  replies,  as  well  as  the  results  obtained. 

Students  pursuing  the  course  herein  outlined,  will  be  well  pre 
pared  to  take  up  the  study  of  qualitative  and  quantitativt 
analysis.  Henry  Carrington  Bolton. 

An  Introduction  to  Modern  Scientific  Chemistry,  in  the  fonn  0 


popular  lectures  suited    for    uoiversity    extension  students  and  geneia 
readers.     Bv  Lassab-Cohn.     Translated  from  the  second  German  editioi 
by  M.  M.  Pattison-Muir.     New  York  :  D.  VaaNostrand  Company.    1901 
348  pp.     israo.    Illiu.    Price,  ji.uo. 
The  plan  of  this  book  is  well  conceived  and  the  subject  is  skil 

fully  presented ;  being  in  the  form  of  popular  lectures  the  style  i; 

rather  diffuse,  though  perhaps  not  more  so  than  necessary  foi 
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the  comprehension  of  the  class  of  readers  to  which  the  book 
appeals.  The  author  opens  with  a  discussion  of  the  bearings  of 
physics  and  of  chemistry,  and  illustrates  by  describing  the  dis- 
tillation of  water,  and  the  union  of  iron  with  sulphur.  We  think 
the  definition  of  chemistry,  as  given  on  page  4,  rather  awkwardly 
expressed,  and  liable  to  the  interpretation  that  it  includes,  in  part, 
facts  that  belong  to  physics. 

After  making  the  reader  familiar  with  the  practical  operations 
of  preparing  and  examining  hydrogen,  chlorine,  and  the  other 
dements  of  this  g^roup,  the  subjects  of  atoms  and  their  weights, 
formulae,  molecules  and  their  weights,  and  very  simple  calcu- 
lations on  stoichiometrical  principles,  are  introduced  ;  this  post- 
ponement of  theoretical  questions  until  after  certain  phenomena 
have  been  studied  is  advantageous.  Then  follows  the  study  of 
oxyg[en,  sulphur,  and  so  on.  In  the  chapter  on  carbon,  the 
student  is  gently  led  into  the  field  of  organic  chemistry,  which  is 
exploited  only  briefly,  yet  he  becomes  acquainted  with  the  classi- 
fication of  hydrocarbons,  the  signification  of  isomerism  and  the 
**  chemistry  of  rings." 

In  this  way,  the  student  insensibly  gains  some  conception  of 
organic  chemistry  before  the  term  itself  is  used,  and  is  ready  to 
appreciate  the  few  pages  on  chemistry  of  organized  substances. 
Only  forty  pages  are  given  to  metals,  and  the  book  closes  with  an 
exposition  of  the  periodic  law. 

A  feature  of  the  book  is  the  absence  of  dogmatic  assertions 
and  the  continuous  introduction  of  reasoning.  Teachers  will  do 
well  to  give  the  book  a  trial.  The  translation  bears  marks  of 
haste  or  carelessness.  Witness  the  following  phrase :  *  *  That 
apparatus  suffices  for  quite  a  few  purposes  only,"  and  the  Eng- 
lish sentences  on  several  pages.  The  make-up  of  the  book  is 
excellent ;  the  illustrations  are  good,  and  the  index  is  quite  full. 

Henry  Carrington  Bolton. 

Flesh  Poods:  Thbir  Chemical,  Microscopical,  and  Bactkriological 
Examination.  By  C.  Ainsworth  Mitchell.  London  :  Charles  Grif- 
fin &  Co.,  Ltd.  ;  Philadelphia  :  J.  B.  Lippincott  Co.     1900.     xv-f  336  pp. 

This  book  contains  nothing  really  new  or  which  cannot  be 
found  elsewhere  in  scientific  literature,^but  it  has  the  great  merit 
of  containing,  in  condensed  form,  methods,  investigations,  and 
tables  which  are  scattered  here  and  there  in  scientific  works. 

According  to  the  preface,  *'  It  has-been  the  author's  endeavor 
to  collect  and  summarize,  in  a  convenient  form,  records  of  investi- 
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gatioas  which  are,  for  the  most  pert,  scattered  through  Englisti 
and  forei^  scientific  books  and  periodicals,  and  to  select  sad 
methods  as  appeared  most  suitable  for  the  examination  of  meai 
and  its  preparations." 

Chapters  I  and  II  have  to  do  with  the  stmcture  and  chemici 
compositioB  of  muscles,  tissues,  and  blood.  In  Chapter  III,  th 
Sesh  of  animals  which  are  eaten  by  man,  including  wild  animals 
Gsb,  and  birds,  is  described,  giving  the  general  characteristics  ant 
chemical  composition.  Next  the  examination  of  fiesh,  botl 
sound'  and  unsound,  is  taken  up,  giving  methods  and  chemica 
constants.  The  next  chapter  summarizes  some  of  the  wayi 
of  preserving  flesh,  as  by  salting,  drying,  smoking,  and  b; 
use  of  antiseptics.  It  includes  several  tests  for  antiseptics  am 
preservatives  in  meat,  and  the  examination  of  canned  goods.  On 
chapter  is  given  to  the  composition  and  analysis  of  sausages,  am 
one  to  the  classification  of  flesh  proteids.  The  changes  due  b 
cooking  and  the  effects  of  parasites  are  well  described.  Aboa 
thirty  pages  deal  with  the  bacteriological  examination  of  flesh 
describing  the  principal  bacteria  which  infest  flesh,  and  givini 
methods  for  their  detection.  It  closes  by  giving  the  best  method 
for  the  detection  and  separation  of  ptomaines. 

The  author  refers  freely  to  such  eminent  authorities  as  Koaig 
Chittenden,  Hehner,  and  others. 

The  attempt  has  been  made  to  cover  such  a  wide  field  that  i 
has  been  necessary  to  condense  the  matter  much,  but  the  con 
densation  has  been  done  very  intelligently. 

On  the  whole,  it  is  a  valuable  and  practical  work  and  will  b 
found  a  very  useful  handbook  for  analytical  chemists. 

W.  B.  Brown. 
A  Text-Book  of  Urine  Anai,ysis  for  Studbnts  and  Practitiokeb 

OP    Medicine.    By   John  H.  Long,   M.S.,  Sc.D.    Baston,  Pa.:  "ni 

Chemical  Publishing  Co.     1900.     an  pp.     Price,  J1.50. 

An  unusually  clear  and  concise  presentation  of  a  well-wor 
subject.  This  manual  is  not  only  to  be  recommended  to  the  stu 
dent  of  medicine,  but  equally  as  well  to  the  chemist  and  phanna 
dst,  who  will  find  it  a  great  aid  in  the  interpretation  of  analyse 
through  the  numerous  references  to  clinical  significance,  and  th 
appended  tables,  which  explain  in  a  very  ludd  manner  the  rela 
tion  of  pathological  conditions  to  chemical  composition.  A 
especially  commendable  feature  is  the  absence  of  discus^ons  c 
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various  complicated  methods  of  doubtful  value,  which  crowd 
many  books  of  this  dass,  much  to  the  confusion  of  the  student. 
We  miss  a  reference  to  Howe's  modification  of  Doremus'  ureome- 
ter,  which  has  added  so  much  to  the  accuracy  and  convenience  of 
urea  determinations.  The  illustrations  devoted  to  the  micro- 
scopical examination  of  sediments  and  casts  leave  room  for  im- 
provement, both  in  quality  and  number.  The  general  make-up 
of  the  book  is  very  neat.  V.  Coblentz. 

iHORGAinc Chemistry.  General,  Medical  and  Pharmaceutical,  Theoretical 
and  PxactiGal.  A  text-book  and  laboratory  manual  in  two  volumes. 
By  Oscar  Oldbbrg,  Pharm.  D.  Chicago :  Chicago  Medical  Book  Co. 
1900.    XX  -+-  1 1 77  pp.    Price,  $7.00. 
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Volume  I  is  theoretical  and  descriptive,  being  divided  into 
three  general  parts,  of  which  314  pages  are  devoted  to  theoretical 
chemistry,  150  to  the  elements  and  33  to  stoichiometry .  Chemical 
theory  is  treated  in  a  very  thorough  and  ingenious  manner;  how- 
ever, much  of  this  matter  could  be  more  readily  grasped  by  the 
student  if  classified  under  the  study  of  the  several  non-metallic 
elements.  The  employment  of  approximate  atomic  weights, 
selecting,  for  example,  such  values  as  120  instead  of  120.4 
(0  =  16)  for  antimony  and  206.5  instead  of  206.9  (O  =  16)  for 
lead,  is  not  advisable  in  a  text-book  of  chemistry,  for  it  not  only 
adds  to  the  confusion  already  existing  but  also  a  promiscuous 
rounding  off  of  these  values  for  convenience  sake  leads  to  loose 
and  inaccurate  work.  The  chapter  devoted  to  the  periodic 
system  is  excellent. 

Volume  II  is  more  properly  a  laboratory  manual,  the  first  par* 
covering  general  chemical  and  pharmaceutical  operations,  while 
the  second  gives  working  methods  for  the  preparation  of  500 
pharmaceutical  chemicals.  No  general  acknowledgment  is  made 
as  to  the  source  of  the  majority  of  the  illustrations. 

The  work  is  eminently  practical  and  sufficiently  comprehensive 
to  fulfil  the  requirements  of  the  student  and  practical  pharmacist. 
The  printing  and  binding  is  excellent  and  reflects  credit  on  the 
publishers.  V.  Coblentz. 

Handbook  of  Practicai,  Hvgienb.    By  D.  H.  Bergey,    A.M.,  M.D. 
Haston,  Pa. :  The  Chemical  Publishing  Co.    viii  -f  164  pp.     Price,  $1.00. 

This  small  work  of  about  160  pages,  to  quote  the  author's  pre- 
face, is  due  to  **  the  lack  of  a  convenient  handbook  for  the 
guidance  of  students  in  the  sanitary  analysis  of  air,  water,  soil, 
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Qd  the  principal  food  materials,  and  ia  testing  the  ventiladoi 
f  buildings."  The  author  confines  himself  to  the  simple 
lethods  used  in  the  analysis  of  the  substances  mentioned. 

The  book  consists  of  an  introduction,  five  distinct  parts,  and  i 
omplete  index.  Part  I — Atmospheric  Air;  Part  II — Water 
'art  III — Soil ;  Part  IV — Sanitary  Analysis  of  Foods ;  Par 
' — Ventilation  and  Heating. 

No  mention  is  made  of  microscopic  examinations,  of  waters,  01 
f  food  products. 

"A  Brief  Outline  of  the  Sanitary  Analysis  of  Water,  Air,  etc.,' 
'ould  have  been  a  more  appropriate  title;  the  one  usedisverj 
lisleading,  as  the  subject  of  hygiene  is  only  mentioned  in  thi 
istorical  introduction. 

The  book  seems  to  be  intended  for  the  use  of  the  medica 
tudent  and  ' '  may  be  a  means  of  lightening  his  labor  in  thi 
ne  of  study."  (?)  Edward  Gijdeman. 

HE  Chemists'  Pocket  Manuai,.     By  Richard  K.  Msadb,  B.S.    Eaiton 

Pa. :  The  Chemical  Publishing  Co.     1900.    vii-l-304  pp.    Price,  $3.oa. 

This  is  almost  a  model  work  of  its  kind.  Its  excellencies  an 
X)  numerous  to  mention  ;  among  the  important  ones  are  gooc 
aper,  clear  type,  convenient  shape,  strong  and  handsome  bind- 
ig,  on  the  publisher's  side,  and  accuracy,  good  style,  and  clear 
ess  on  the  part  of  the  author. 

The  contents  include  almost  everything  which  a  chemist  0: 
letallurgist  would  consult  it  for,  the  data  and  methods  all  fresl 
nd  up-to-date.  Of  particular  merit  are  the  graphic  methods  fo: 
aving  calculation,  composition  of  standard  and  special  reagen 
slutions,  the  valuable  collection  of  special  methods  of  technics 
nalysis  and  the  copious  references  to  recent  literature. 

It  being  possible  to  point  out  but  a  few  of  the  excellencies  0 
^e  work,  it  is  almost  unfair  to  indicate  its  few  shortcomings 
t  is  hardly  fair  to  the  chemist  who  buys  the  book  to  tell  him  ti 
ecognize  a  cyanide  by  pouring  hydrochloric  acid  on  it  and  smell 
ig  the  gas!  (p.  125).  Some  of  the  data  are  intermixed  ;  a  littl 
earrangement  would  improve  the  first  fifty  pages.  It  shouli 
Iso  contain,  in  my  opinion,  tables  of  the  heats  of  combination 
f  salts,  specific  heats  of  compounds,  the  properties  and  com 
osition  of  the  most  common  and  useful  minerals,  and  a  resum< 
f  assay  methods.     A  marking  thread  would  at  times  be  foum 
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ttsefnl.     I  advise  every  chemist,  metallurgist,  and  assayer  to  pro- 
cure the  book. 

Joseph  W.  Richards. 

Annuairb  db  L'Obsbrvatoirb  Municipai«  db  Paris,  dit  Obsbrvatoirb 
DB  MoNTSOURis,    POUR    l'ann^b    1900.       Librairie   Gauthier-Villars, 
Paris.     i8mo.    563  pp.     Price,  2  francs. 

The  principal  work  of  this  observatory  is  not  star-gazing, 
but  a  supervision  of  the  hygiene  of  the  city,  as  a  short  perusal 
of  this  somewhat  belated,  but  yet  valuable,  yearly  report  shows. 
Founded  in  1870,  its  work  is  now  along  the  following  lines :  I. 
Physical  and  meteorological,  including,  besides  the  usual  records, 
a  study  of  atmospheric  electricity,  of  smoke,  of  the  air  of  the 
sewers,  etc.  II.  Chemical,  comprising  the  composition  of  the  air 
in  different  parts  of  the  city,  in  schools,  public  buildings, 
sewers ;  the  examination  of  the  water  supply,  of  the  Seine  water, 
of  the  sewer  water,  and  of  the  subterranean  waters  in  and  around 
Paris ;  of  the  rain,  snow  and  fog ;  also  sanitary  questions  sub- 
mitted by  the  municipality,  as  the  eflBdency  of  disinfectants,  etc. 
III.  The  micrographic  service  makes  bacteriological  examinations 
of  the  air,  water,  food,  drains,  sewage,  Seine  water,  soil,  and  has 
a  special  service  for  contagious  diseases. 

The  thousands  of  analyses,  conveniently  tabulated,  will  be  of 
great  interest  and  value  to  all  concerned  in  the  sanitation  of 
cities  or  towns.  For  example,  the  carbonic  acid  in  the  air  at 
Montsouris,  taken  every  day  for  fifteen  years,  averaged  30  liters 
per  100  cubic  meters.  It  is  greater  in  winter  than  summer  ;  also 
greater  at  night  than  in  daytime  at  Montsouris,  but  vice  versa  in 
Paris. 

Altogether,  the  book  is  well  worth  its  price,  especially  to  the 
sanitary  chemist.  Joseph  W.  Richards. 

ExPERiMBNTAi,  Phvsics.     By  Eugenb  Lommbi*.    Translated  by  G.   W. 
Myb&s  from  the  third  German  edition.     Philadelphia  :   J.  B.  Lippincott 
Co.    1900.    xxii  -(-  664  pp. 

Eighty- two  pages  are  devoted  to  motion,   23  to  solids,   31  to 

liquids,  35  to  gases,  81  to  heat,  17  to  magnetism,  56  to  electricity, 

114  to  electrical  currents,  47  to  waves  and  sound,  157  to  light. 

This  is  one  of  the  best  text-books  on  physics  that  has  ever  been 

written,  and  we  have  here  a  very  creditable  English  translation. 

No  book  and  no  translator  can  hope  to  avoid  all  slips  and  the 

definition  of  electromotive  force  as  a  quantity  of  work  (p.  334)  is 
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unfortunate  way  of  putting  things,  while  the  spelling  of 
Bois-Reymond'snameon  p.  360  and  elsewhere  must  be  charged 
lust  the  translator.  Apart  from  a  few  similar  minor  points,  tlie 
k  is  phenomenally  satisfactory  and  to  be  recommended  to 
ry  one.  WILDER  D.  Bancroft. 

iiiUTTON  07  THE  Theruombter.  By  Henkv  Carrimgion  Boltos. 
aston,  Pa. :  The  Chemical  Publishing  Co.  1900.  98  pp.  Price,  $1.00. 
The  period  covered  is  the  century  and  a  half  between  1591  and 
3.  The  author  defends  the  view  that  the  first  thermometei 
;  due  to  Galileo.  This  instrument  was  an  air-thermometei 
h  a  liquid  seal.  The  plan  of  measuring  the  expansion  of  a 
lid  in  a  sealed  tube  dates  from  about  1644 ;  in  1664,  tre 
I  Boyle  introducing  the  idea  of  a  fixed  point ;  in  1669  we  have 
suggestion  of  two  fixed  points  by  Honors  Fabri  ;  in  1694, 
aaldini  argued  in  favor  of  the  freezing-point  and  botling-poinl 
a-ater  as  the  two  fixed  points.  The  mercury  thennometer  m 
)ractical  instrument  is  due  to  Fahrenheit,  and  for  years  hi: 
truments  were  the  best  in  the  world.  The  centesimal  scalt 
i  suggested  by  Celsius  in  1742  ;  but  it  will  be  news  to  man] 
pie  that  Celsius  took  the  boiling-point  of  water  as  zero,  am 
t  the  inverted  scale,  which  we  call  by  the  name  of  Celsins 
i  due  to  Christin.  The  book  is  interesting,  the  illustration! 
curious,  and  the  color  of  the  binding  is  atrocious. 

Wilder  D.  Bancroft. 

I  Chemical  Analysis  op  IrO.v.  By  Andrew  a.  Blair.  Ponrtl 
lition.  Philadelphia  :  J.  B.  Lippincott  Co.  1901.  xi  +  319  pp.  Price 
t.oo. 

The  new  edition  of  this  standard  work  on  iron  analya 
i  been  entirely  rewritten  and  a  number  of  recently  improvei 
thods  have  been  incorporated.  Among  the  new  material  ar 
□ier's  modification  of  Deshays'  method  for  the  rapid  determina 
1  of  manganese  in  steel,  Bamber's  method  for  sulphur  in  pig 
1,  the  ether  methods  for  the  determination  of  nickel,  chrominn 
1  aluminum  and,  under  carbon,  there  appear  a  number  of  nei 
thods  and  modifications.  The  ferro-alloys  of  molybdenuin 
omium,  silicon,  and  titanium  are  gii'en  due  attention  in  thi 
tion.  Under  coal  and  coke  analysis  the  methods  are  thos 
orted  by  the  Committee  on  Coal  Analysis  of  the  America 
emical  Society.  P.  W.  Sbimer. 
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[Contribution^  froq^^j^^^A^  i;ABt>RATORY  of  Yale 

universityT] 

ON  THE  ACTION  «^F  ALkVC  I HIOCY ABATES  AND  ALKYL 
IS0TH10CY^\j|^^»  ji^^j^miOL  ACIDS. 

By  RBNity  I«.  Whbelbr  andHenry  P.  Mbrkiam. 

Received  March  30, 1901. 

THE  fact  that  ditbiocarbamic  esters  are  formed  from  alkyl 
tbiocyanates  and  bydrogen  sulpbide  led  CbanlarofP  to  ex- 
amine tbebebaviorof  etbyltbiocyanate,  C,HgSCN,  witb  tbioacetic. 
add,  tbioacetic  anbydride,  and  tbiobenzoic  acid.  He  found,  in 
each  case,  that  the  compounds  reacted  and  that  crystallihe  prod- 
acts  resulted.  However,  be  only  described  the  addition  prod- 
uct witb  tbioacetic  acid,  and  to  this  be  assigned  the  formula 
CHjCONHCS.SCjHj.  He  remarked,  that  this  addition  product 
behaved  like  a  '*  molecular- verbindung  **  and  that  it  showed  such 
great  instability  in  its  reactions  that  all  attempts  to  prepare  a  de- 
rivative from  it,  of  any  sort,  were  without  success. 

Numerous  acj'l  ditbiocarbamates  of  this  type  have  been  pre- 
pared by  Dr.  T.  B.  Johnson  and  ourselves,  and  we  have  found 
that  derivatives  can  easily  be  prepared  from  the  above  and  also 
from  a  large  number  of  other  acylditbiouretbanes. 

Our  work  has  shown  that  tbiocyanates,  RSCN,  readily  react 
^ith  thiol  acids,  on  the  steam-bath,  in  at  least  two  ways.     The 

^  Ber.  d.  ckem.  Ges.^  15.  1987  [1883]. 
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more  commonly  observed  reaction  is  a  direct  addition  as  found 
by  Chanlaroff : 

I.  C,H,SCN  +  HSCOC,H,  =  C,H,S.CSHNCOC.H.. 

Primary  monothiocyanates,  with  aliphatic  groups,  as  well  as 
those  prepared  from  benzyl,  ^-brom,  /-nitrobenzyl,  and  m-xylyl 
halides,reactalmostentirely  in  this  manner  and  very  small  amounts 
of  by-product  are  formed.  The  di-  and  polythiocyanates  appear 
to  behave  in  a  diiferent  manner  and  work  on  these  is  now  in 
progress  here. 

Certain  thiocyanates,  even  when  the  action  is  moderated  by 
heating  in  the  presence  of  benzene,  react  in  a  complicated  manner. 
They  evolve  hydrogen  cyanide  and  thiol  esters  result.  The  ac- 
tion apparently  takes  place  in  the  following  stages  : 

II.  C.HsSCN  +  HS.COC,H.  =  CH,S.COC,H,  +  HNCS. 

The  thiocyanic  acid  which  is  liberated  then  breaks  down  into 
hydrogen  cyanide  and  other  products.'  Besides,  it  has  been  ob- 
served to  react  with  thiobenzoic  present  in  the  following  manner : 

III.  HNCS  +  HS.COC.H,  =  H,NCOC,H.  +  CS,. 
The  products  are  carbon  disulpbide  and  benzamide  and  the  re- 
action is  similar  to  that  of  hydrogen  sulphide  and  thiocyanic  acid 
when  ammonia  and  carbon  disulpbide  are  obtained.' 

In  these  latter  reactions  the  products  are,  therefore,  thiol 
esters,  benzamide,  hydrogen  cyanide,  and  carbon  disnl- 
.phide  ;  occasionally  hydrogen  gulphide  is  noticed,  probably  as  a 
decomposition  product  of  the  thio  acid,  and  in  certain  cases, 
especially  when  the  reactions  are  performed  without  benzene,  the 
above  products  are  accompanied  by  thick  oils,  varnishes,  or  tars 
from  which  it  is  difficult  to  isolate  anything  solid  in  a  state  of 
purity. 

The  isothiocyanates,  RNCS,  or  mustard  oils  react  even  more 
energetically  with  thio  acids  than  the  normal  thiocyanates.  When 
phenyl  mustard  oil  or  allyl  mustard  oil  is  warmed  with  thioacetic 
or  thiobenzoic  acid,  a  reaction  takes  place  below  the  boiling- 
point  of  benzene,  apparently  in  a  quantitative  manner  as  follows:' 

IV.  RNCS  +  HS.COC,H,  =  RNHCOC.H,  +  CS,. 

'  Voclckel :  Poifg-  ^""-i  6b.  313  (1845I. 

■  Since  the  above  was  writtcD  Eibner  (Ber.  d.  chem.  Cis.,  34.  66a)  has  publi*bed  Uw 
■orpriiliig  statement  that  phenyl  musurd  oil  does  not  react  with  thioacetic  add  on  long 
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This  reaction  is  of  the  same  nature  as  that  of  thiocyanic  acid 
with  hydrogen  sulphide,  thiobenzoic  acid,  etc. ,  mentioned  above. 
It  is  also  analogous  to  that  observed  by  Kay/  who  found  that 
phenyl  mustard  oil  and  benzoic  acid  gave  carbon  oxysulphideand 
benzanilide,  although  at  a  much  higher  temperature  than  that 
in  the  present  experiments. 

Not  only  the  alkyl,  but  also  theacyl,  isothiocyanates  behave  in 
this  manner.  Benzoyl  rhodanide,  CjHjCONCS,  and  thiobenzoic 
add,  for  example,  gave  o£F  carbon  disulphide  and  dibenzamide 
was  isolated  and  identified. 

The  above  reactions  sharply  distinguish  the  thiocyanates  from 
the  isothiocyanates,  and  when  a  rhodanide  is  heated  with  thio- 
benzoic add,  the  non-formation  of  carbon  disulphide  may  be  con- 
sidered as  conclusive  proof  that  an  isothiocyanate  or  mustard  oil 
form  is  not  present.  We  have  now  applied  these  reactions  to  the 
examination  of  some  compounds  described  as  mustard  oils. 

Before  entering  on  the  discussion  of  this  it  may  be  well  to  state 
that  when  reactive  organic  halogen  compounds  are  boiled  with 
potassium  thiocyanate,  the  first  product  formed  appears,  in  all 
<2ses,  to  be  a  normal  thiocyanate,  R — SCN.  When  the  group  R  is 
strongly  negative*  the  product  immediately  undergoes  a  molecular 
rearrangement  into  the  form  RNCS '  (when  R  is  the  group 
C,H,CO— ,  etc.).       . 

Less  negative  groups,  such  as  the  allyl  group, 

Crij==Crl — CIi, — , 

permit  of  the  isolation  of  the  primary  product,  allyl 
thiocyanate,  if  heating  is  avoided,  otherwise  allyl  mustard  oil  is 
obtained.  When,  in  other  cases,  a  halide  of  the  form  —  CH,X 
is  employed  the  thiocyanates  show  the  greatest  stability.  Methyl 
thiocyanate  is  only  partially  converted  into  mustard  oil  on  heat- 

^  Ber.  d.  chem.  Ges..  a6,  2848  (1893). 

'Miqnel:  Ann,chim,  phys.^  (5),  11,  3x8  (1877)  ;  Dixon:  /.  Chem.  Soc.  (I«ondon),  75, 
3!*  (1899). 

'  The  mechanism  of  this  reaction  or  rearrangement  appears  to  the  writer  to  be  as  yet 
aaexplained.  The  view  accepted  at  present  that  the  more  negative  the  group,  the  more 
'••dily  the  rearrangement  takes  place  (compare  Michael :  J.  prakt.  Chem.^  37,  510  (1888), 
YcxpUTcs  some  modification,  since  data  have  already  been  collected  that  are  not  in  accord- 
*oce  with  this  view.  We  hope  to  return  to  this  subject  at  a  later  date.  The  methylene 
^JMociation  theory  of  Nef  {Ann.  Chem.  (I«iebig),  298,  370  (1897)  )  does  not  offer  a  simple 
<zpla]iation  of  the  rearrangement  which,  in  all  probability,  takes  place  in  the  ca.se  of 
*cyl  snlphocyanates.  An  attempt  to  prepare  normal  benzoyl  thiocyanate, C«HoCO. SCN,  by 
acting  on  potavium  thiolbenzoate,  suspended  in  benzene,  with  cyanogen  bromide  gave 
lieazoyi  dinilphide  as  the  chief  product.    W. 
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it  a  temperature  of  iSo^-iSs".'  Recently,  however,  a  nuin- 
if  cases  have  been  described  in  which  the  grouping  — COCH,X 
id  to  yield  mustard  oils  directly. 

[xx>rding  to  Beckurts'   and  Frerichs,'  on  carefully  treating 
racetylethylurethane,  C1CH,C0NHC0,C,H„  with  potassium 
iiyanate,  a  mustard  oil  derivative  is  formed ;  namely, 
SCNCH,CONHCO,C,H.. 

mustard  oil  structure  was  assigned  to  this  from  the  fact 

when  the  compound  is  treated  with  alkali  and  then  with 
■ochloric  acid,  hydrogen  sulphide  is  evolved.  When  this 
tance  is  heated  it  undergoes  a  molecular  rearraDgement 
what  the  above  authors  considered  was  the  normal  thioey- 

derivative,  but  later  work  showed  that  the  rearranged  prod- 
nras  a  hydantoin.* 

he  belief  that  iso-  and  normal  thiocyanates  resulted  iu  this  em- 
inent led  Frerichs  and  Beckurts*  to  examine  rhodanacetic  add 
its  derivatives  and  they  claim  that  none  of  the  salts  and  esters 
ribed  by  Claessou  have  the  normal  form,  but  that  all  are  de- 
i  from  isothiocyanic  acid.  They  add  that  rhodanacetamid« 
ared  from  chloracetamide  also  has  the  mustard  oil  structure. 
1  a  later  paper,  Frerichs  and  Beckurts*  state  that  no  normal 
;yanacetic  acid  exists,  and  that  there  are  no  derivatives  ol 
same.  In  other  words,  these  compounds  are  all  mustard  oils, 
e  according  to  their  last  paper'  rhodanacetanilide  has  the  nor- 
form  NCSCH,C0NHC,H5,  and  the  perfectly  analogous  rho- 
icetmethylanilidehasthe  iso  structure  SCNCH,CONCH,C,H,, 
lie  fact  that  these  compounds  give  off  hydrogen  sulphide 
:r  the  above-named  conditions  is  the  only  fact,  as  yet  pub- 
^,  on  which  the  iso  or  mustard  oil  structure  is  based.  Sioct 
lave  found  that  certain  compounds  of  the  normal  form  give 
iiydrogen  sulphide  under  similar  treatment,  the  beautifullj 
tallizable  benzyl  thiocyanate,  C.HjCH.SCN,   for  example,  il 

once  evident  that  this  reaction  cannot  be  used  as  a  test  foi 
liocyanates. 
'e  have,  therefore,  prepared  and  examined  the  behavior  of  all  oi 


h.d.  narm..m,ng;  Ctnlrlb..-ji,  (a),  181(1900). 
*.  d.  niarm..  a38,  9  ;  Ctxtrlb.,  71,  (I),  589  (1900). 
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the  above  compounds  as  well  as  various  analogues  with  thiobenzoic 
add  and  our  jresults  show  conclusively  that  not  a  single  one  of 
these  rhodanides  thas  the  mustard  oil  structure.  Not  only  the 
asters  of  Claesson  have  the  formulas  originally  assigned  to  them, 
but  also  the  homologous  series  of  rhodanides,  recently  prepared 
in  this  laboratory,  are  true  thiocyanates.' 

This  is  shown  by  the  fact  that  in  the  reactions  with  thioben 
2oic  acid,  the  substances  combine  to  form  addition  products  or 
acyl  dithiourethanes.     That  not  even  a  trace  of  a  mustard  oil  is 
present  in  these  compounds  follows  from  the  entire  absence  of 
carbon  disulphide  in  the  reactions. 

As  far  as  the  authors  are  aware  it  has  not  been  observed  that 
the  usual  molecular  rearrangement  of  thiocyanates  into  mus- 
tard oils  is  a  reversible  reaction.  Even  were  this  true,  in  view 
of  the  fact  that  the  mustard  oils  react  with  thiol  acids  more  read- 
ily than  with  the  thiocyanates,  the  assumption  that  in  these 
reactions  the  compounds  undergo  a  rearrangement  into  normal 
forms  is  excluded. 

The  results,  now  at  hand,  show  that  neither  isothiocyanaceUc 
^d  nor  any  of  its  derivatives  have  yet  been  prepared. 

In  Beilstein's  Handbuch*  the  rhodanide  which  results  on  boil- 
ing 1,2-dichlorpropylene  with  potassium  thiocyanate'  is  listed 
both  under  the  heading  of  thiocyanates  and  of  mustard  oils.  We 
find,  when  this  product  is  warmed  with  thiobenzoic  acid,  that  car- 
bon disulphide  is  evolved  in  quantity  and  that  2-chlorpropylene 
benzamide,  CH,=CC1— CH,NHCOCeH„  is  formed.  This  rho- 
danide is  therefore  a  mustard  oil. 

Bcrthelot*  states,  from  thermochemical  investigations,*  that 
phenyl  thiocyanate  was  observed  to  be  transformed,  for  the  greater 
part,  into  isothiocyanate  on  simply  standing  during  a  summer 
month.  Our  experiments  with  this  substance  do  not  confirm  this 
statement.  We  have  observed  that  it  remains  practically  unal- 
tered on  keeping  at  a  temperature  of  34^-36°  for  four  weeks.  Per- 
haps these  conflicting  results  are  to  be  explained  by  the  fact  that, 
in  certain  cases,  a  small  amount  of  foreign  substance  or  impurity 
acts  by  catalysis  and  is  capable  of  producing  a  niolecular  rear- 

^  Wheeler  and  Bamea :  Am.  Chem.J.^  34,  60  (1900). 

*  Vol  1, 1379  and  1383. 

*  Henry :  Ber.  d.  ehem.  Ges.,  5,  x88  (187a)  ;  BhU.  Soc.  Chim.,  (Paris),  39,  526  (1883). 
^  Ompi.  tend.^  13a,  57  ;  Ann.  chim.pAys.t  (7),  aa,  327  (190X). 
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ement,  as  in  the  case  of  the  imido  esters  and  thioncarbamic 
■s,  etc. 

le  statement  of  ChanlaroS  in  regard  to  tlje  unstable  nature 
cetyl  dithioethylcar hamate  would  indicate  a  wide  difference 
een  properties  of  acyl  dithiocarbamates  and  the  acyl  thioncar- 
ates  ;  we  find,  however,  that  the  two  series  are  closely  simi- 
ti  some  respects,  and  that  acylimidodithiocarbonic  esters  can 
t>tained  from  the  sodium  salts  of  these  carbamates  with  no 
ter  difficulty  than  attends  the  preparation  of  other  imidothio- 
onic  esters.'     The  reaction  proceeds  as  follows : 

/SNa 
V.    CH,CO— N=C<  +  IC,H,  = 

CH,CON=C<       '       +  Nal. 

lie  lower  members  of  this  series  as  well  as  the  corresponding 
oyl  derivatives  distil  unaltered  under  diminished  pressure. 

later  paper  the  results  of  an  examination  of  these  compound! 

be  more  fully  given,  especially  those  containing  diSerenl 
1  groups,  since,  according  to  Hantzsch,  they  should  exist  ii 
^isomeric  forms.  When  these  acylimidodithiocarbonic  esten 
reated  with  ammonia  and  organic  bases  a  new  type  of  pseudo 
ureas  result.     The  reaction  proceeds  smoothly   in  the  aAi 

evolution  of  mercaptan  as  follows : 

<SCH. 
+  HNRR'  = 
SCH, 

/NRR' 
C,H,CON=C<  +  HSCH,. 

itberto  only  one  acylpseudotbiourea  has  been  obtained  in  i 
:  of  purity,"  namely,  monoacetylethylisodiphenylthiourea, 
,N  =  C(SC,H,)N(C,H,)COCH,;  this,  however,  was  pre 
d  by  a  different  method.  It  formed  a  thick  oil  which  conl< 
ae  crystallized.  The  compounds  obtained  by  us  differ  mos 
ledly  from  the  oxygen  analogues  and  from  the  compound  o: 
IS  by  their  great  tendency  to  crystallize  and  the  ease  witl 

Jeberaunn:.4««.  CAtm.  (Licbig),  907.  M<  {'3S) ;  Promm  and  Block :  £n-.  if.  tJum 
11,  mo  (1899) ;  BoKh  and  UnK"ib'l°k  '  Oiil:  i&io :  Wlweler,  Banie*,  Jobntim,  uk 
> :  Am.  Chtm.J..  34,  60  :  Jtiil..  1S9 1  Ibid.,  tU  Ci9»>- 
lainc  Thi»Jouni»l,»4,  197(1900). 
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which  they  can  be  purified.  A  description  of  their  reactions  is 
reserved  for  a  later  paper. 

As  there  appear  to  be  no  data  in  the  literature  in  regard  to  the 
behavior  of  acyldithiocarbamic  esters  with  organic  bases  we  have 
investigated  the  action  of  aniline  on  some  of  the  acetyl  and  ben- 
zoyl derivatives.  It  was  shown  in  a  previous  paper*  that  the 
acylthioncarbamic  esters  react  in  an  abnormal  manner  with  am- 
monia and  aniline,  that  hydrogen  sulphide  was  evolved  and 
pseudoureas  were  formed.  An  analogous  reaction  appears  to 
take  place  with  the  dithio  esters  and  aniline  ;  inasmuch  as  hydro- 
gen sulphide  is  evolved,  however,  by  far  the  chief  products  are 
normal  ureas,  the  behavior  being  more  strictly  analogous  to  that 
of  acetylurethane  which  was  thoroughly  investigated  by  Young 
and  Clark.'  As  a  contribution  to  our  knowledge  of  the  saponifi- 
cation of  urethanes  by  aniline  we  examined  also  the  behavior  of 
benzoylethylcarbamate,  CeHjCONHCOjC^Hg.  We  were  unable 
to  detect  any  signs  of  the  formation  of  a  pseudourea  in  this  case; 
the  chief  reaction  took  place  with  the  formation  of  benzoylphenyl- 
urea  and  alcohol. 

As  found  by  ChanlarofF,  ammonia  acts  on  the  acyldithiocar- 
bamic esters  of  the  above  type ;  with  complete  decomposition, 
mercaptan  and  ammonium  thiocyanate  are  formed.  This  reaction 
is  in  marked  contrast  with  that  of  the  acylthioncarbamic  esters, 
CjHjCONHCS.OCjHj,  for  example,  which  with  alcoholic  ammo- 
nia in  the  cold,  passes  quantitatively  into  benzoylpseudoethylurea, 

/NH, 
C,H,CON=C< 

In  this  connection  it  is  interesting  to  note  that  the  ' '  imidodicar- 
bonsauretrithiodibenzyl  ester,"  C^H,S.CONHCS.SC,H^,  prepared 
from  phenylmethyldithiomonobenzyldi-^-methylketuret  and  con- 
centrated hydrochloric  acid,  according  to  Fromm  and  Junius,'  re- 
acts in  the  noimal  manner  since  monothiobiuret  and  benzyl  mer- 
captan are  formed.  We  find  that  a  similar  normal  reaction  takes 
place  with  the  acylthiolcarbamic  esters,  mercaptan  is  evolved,  and 
an  acylurea  is  obtained.  These  three  reactions  with  ammonia  are 
apparently  peculiar  to  the  different  series  of  acyl  thiocarbamates. 

^  Am.  Oum.J.s  ^4,  189  (1900}. 

s  y.  Ck£m.  Soc.  (I/>ndoB),  73,  316Z  (1898). 

*  Ber.  d,  ckem.  Ges.,  aS,  1105  (1895). 
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EXPERIMENTAL  PART. 

The  thiocyanates  are  capable  of  combinitig  or  reacting  witb 
tliioacetic  and  thiobenzoic  add  at  a  much  lower  temperature  than 
that  at  which  Chanlaroif  worked.  In  all  cases  a  smoother  reac- 
tion is  brought  about  by  simply  warming  a  few  hours  in  benzene 
solution.  In  certain  cases  the  substances  combine  at  ordinan- 
temperature  after  long  standing.  The  acyldithiocarbamatesthus 
formed,  are  all  soluble  in  alkali  and  most  of  them  can  be  purified 
(from  dtsulphide)  by  precipitating  with  carbon  dioxide.  They 
are  converted  by  a  10  per  cent,  sodium  hydroxide  solution,  as  a 
rule,  into  colorless  plates  of  the  sodium  salts  which  dissolve  on 
further  dilution.  The  action  of  alkali,  however,  produces  more 
or  less  decomposition  into  rhodanide  and  mercaptan,  with  the 
formation  of  thiobenzoic  and  hydrocyanic  salts.  They  are  almost 
all  readily  soluble  in  hot  alcohol,  but  with  difficulty  in  cold,  and, 
like  urethanes  in  general,  they  form  beautiful  crs^tals.  They 
have  a  j'ellow  color  without  exception. 

Acetylditkiomethyl carbamate,  CH.CO.NHCS.SCH,,  is  formed 
practically  quantitatively  when  the  constituents  are  heated  dr}, 
or  with  benzene  as  a  solvent.  When  crystallized  from  alcohol  it 
forms  long,  slender,  bright  yellow  prisms  which  melt  at  119°.  A 
nitrogen  determination  gave  : 


Nitrogen 9.3  9.2 

Acetyldithioetkyl  carbamate  is  the  only  one  of  these  carbamates 
that  has  hitherto  been  described.  It  is  formed  at  ordinary  tem- 
peratures when  the  rhodanide  and  thioacetic  add  are  allowed  to 
stand  for  a  number  of  weeks,  or  almost  quantitatively  when 
heated  for  a  short  time  on  the  water-bath.  It  forms  long,  bright 
yellow  prisms  which  melt  at  123°. 

/SC.H. 

Acetylditkiadiethyl  carbonate,  CH,CON=C<  .— Whenaj 

^SC,H. 
grams  of  the  above  carbamate,  3.1  grams  of  sodium,  dissolved  in 
125  cc.  of  alcohol,  and  20  grams  of  ethyl  bromide  were  mixed,  a 
reaction  took  place  in  a  short  time  andsoditim  bromide  separated. 
After  standing  a  number  of  hours,  water  was  added  and  the  pre- 
cipitated oil  was  extracted  with  ether,  washed,  dried,  and  dis- 
tilled at  14  mm.  pressure,  whereupon   19.2  grams  of  colorless  oil 
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were  obtained,  boiling  sharply  at  142®  (74  per  cent,  of  the  calcu- 
lated). There  was  no  sign  of  decomposition  during  the  distilla- 
tion and  an  analysis  of  this  oil  gave  : 

Calculated  for  i»«„«^ 

CtHwONS,.  ^°"'»^- 

Nitrogen 7.3  7.6 

When  this  compound  is  treated  with  organic  bases  mercaptan 
is  evolved  and  pseudothioureas  are  formed. 

Acetyldithionormalpropylcarbamate,  CHjCONHCS.SCjH,,  was 
prepared  from  normal  propyl  rhodanide,  boiling  at  164®  at  761 
mm.  pressure.  This  combines  smoothly  with  thioacetic  acid  and 
the  product  crystallizes  from  dilute  alcohol  in  brilliant  yellow 
plates  or  flattened  prisms  melting  at  78^.  A  nitrogen  determina- 
tion gave : 

Calculated  for  »/^„„/i 

CoHi.ONS,.  ^°"°^- 

Nitrogen 7.9  7.7 

Cefyl  thiocyanate,  CnHj,SCN. — Kahlbaum's  cetyl  iodide  (30 
grams)  readily  reacted  with  potassium  thiocyanate  in  alcoholic 
solution.  The  product  boiled  at  242*^-249°  at  30  mm.  pressure, 
and  at  222°  to  227**  at  13  mm.  pressure.  It  forms  a  colorless 
liquid  which,  on  cooling,  solidifies  to  a  white  wax.  The  latter  por- 
tion of  the  above  distillate,  when  solidified,  showed  signs  of  melt- 
ing at  12**  and  then  melted  at  15*^-15.5°.  A  nitrogen  determina- 
tion gave  : 

Calculated  for  xt^^^A 

C„H„NS.  ^°""^- 

Nitrogen 4.94  4.88 

AcetyUetyldUkiocarhamate,  CHgCONHCS.SC,,H„.— The  above 
thiocyanate  readily  combined  with  thioacetic  acid,  on  warming 
three  or  four  hours  on  the  steam-bath.  It  then  solidified  to  a  yellow 
cake  of  fine  radiating  crystals.  On  crystallizing  from  alcohol  it 
formed  a  bulky  mass  of  fine  hair-like  needles  which  had  a  lighter 
yellow  color  than  the  lower  members  of  the  series,  and  which 
melted  at  89°-90*^.  The  material  dissolved  completely  in  very 
dilute  alkali ;  in  moderately  dilute,  it  was  converted  into  a  mass 
of  colorless,  very  thin  plates  of  the  sodium  salt.  An  analysis 
gave: 

Calculated  for  Tf«„«.i 

C„H„ONS,.  Voi^nA. 

Nitrogen 4.13  4-43 

Autyldithiobemylcarbamate,      CHjCONHCS.SCH^CgHj,      was 
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smoothly  formed  from  its  constituents.  It  cry stalUzed  from  ala 
bol  in  bright  yellow  plates  meltiDg  at  136°,  and  a  nitrogen  detei 
mination  gave : 

calculated  for  b^„a 

C,sH„ONS,.  fonna. 

Nitrogen 6.aa  6.50 

Bemqy/ditAiofneihylcarbamaie,C^US^ONliCS.SCilt,issmoolih\ 

and  apparently  quantitatively  formed  when  methyl   rhodanid 

and  thiobenzoic  add  are  warmed  for  a  short  time.    It  forms  lonj 

slender,   yellow  needles  melting  at  135",  and  a  nitrogen  detei 

mination  gave : 


Calculated  tor 

C(H,ONSi. 

Nitrogen 6.63  6.34 


BenzoyldUhioeikylcarbamaU,  C.HjCONHCS.SC.H,,  is  forme 
as  readily  as  the  methyl  derivative.  It  crystallizes  from  alcob( 
in  stout,  yellow  prisms  melting  at  84°.  The  determinatioD  ( 
nitrogen  was  as  follows  : 


Nitrogen.. 


/SCH, 
Bemoylditku>dimelkyUarbamale,Cfi^QON=C{  .— Twenl 

^SCH, 
grams  of  beuzoyldithiomethylcarbamate  were  added  to  a  solutio 
of  2.2  grams  of  sodium,  in  methyl  alcohol,  and  then  20  gran 
of  methyl  iodide.  The  mixture,  on  standing  a  number  of  hour 
was  precipitated  with  water  and  the  product  extracted  with  ettiei 
On  evaporating  the  ether,  after  drying,  long  colorless  prisms  sq 
arated  which  after  crystallizing  from  dilute  alcohol  melted  at  46' 
Yield  about  15  grams. 


Nitrogen. 


BenzoyldithiodUthykarbamate,  prepared  in  a  similar  manner  t 
the  above,  proved  to  be  an  oil,  boiling  at  22o''-22i''  at  17  mn 
pressure.  Ten  grams  of  the  urethane  gave  about  6  grams  of  th 
oil,  and,  on  analysis,  the  following  per  cent,  of  nitrt^n  was  ob 
tained ; 


5.88 
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/NH, 
Benzoyipsetuiomethylihiourea,    Q^jZO-^=Q<.  . —  When 

^SCH, 

4.7  grams  of  benzoyldithiodimethyl  carbamate  were  dissolved  in 
an  excess  of  alcoholic  ammonia  and  allowed  to  stand  for  two  days, 
mercaptan  separated,  and,  on  evaporating  the  alcohol  and  crys- 
tallizing the  residue  from  a  mixture  of  benzene  and  lig^oin,  about 
2  or  3  grams  of  material  melting  at  iii®-ii2°  were  obtained.  A 
nitrogen  determination  gave : 

Nitrogen 14.43  14-53 

Benzoylpseudamethylphenylthiotireay      C,H5CON=C^  , 

was  prepared  by  warming  the  above  dimethyl  carbamate,  on  the 
water-bath,  with  aniline.  It  forms  thin  colorless  plates  from 
alcohol,  which  melt  at  104^-105°. 

Calculated  for  Found 

Nitrogen 10.37  10.57 

Bemoylpseudoeihylphenylthiourea^  prepared  from  the  above  di- 
ethyl carbamate  by  warming  with  aniline,  formed  long  colorless 
prisms  from  alcohol  which  melted  at  87^-88®. 

Calculated  for  Ponnd 

C,«H„ON,S.  ^°""^- 

Nitrogen 9.85  9.84 

Benzoyldiihionormalpropylcarbamatey  CjH^CONHCS.SCjH,,  is 
formed  as  readily  as  the  above  dithioethyl  carbamate.  It  crys- 
tallizes in  bright  yellow  prisms  from  alcohol,  and  it  melts  at  77®. 
A  nitrogen  determination  gave : 

CuHijONSt. 

Nitrogen 5.85  5.81 

BenzoyUithioisobutylcarbamate,  CeH^CONHCS.SC^H,.  —  This 
forms  transparent  golden  yellow  needles,  some  over  an  inch  in 
length,  when  prepared  from  isobutylthiocyanate  boiling  at  178°- 
180®.    It  melts  at  8o®-8i®,  and  an  analysis  gave  : 

Calculated  for  -o^y^rxA 

C„H„ONS,.  ^^""**- 

Nitrogen 553  553 

Benzoyldiihio cetylcarbamate,  C.HjCONHCS.SC^H,,,  was 
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formed  as  smoothly  as  its  lower  homologues.  It  forms  a  beauti' 
ful  mass  of  shining,  bright  yellow  plates,  when  crystallized  from 
alcohol,  and  it  melts  at63°-64°.     A  nitrogen  determination  gave 

Calculated  for  B™,„ri 

CmHwONS,.  foaaa. 

Nitrogen 3,3a  3,30 

Smzj'l  Tkiocyanaie,  C,H,CH,SCN.— The  melting-point  of  thii 
compound  is  given  by  Henry'  as  36''-38°,  and  by  Barbaglia'  a: 
41°,  A  portion  prepared  from  benzyl  chloride  and  potassiun 
thiocyanate  was  crystallized  several  times  from  absolute  alcohol 
it  then  melted  at  43°-43.5°.  A  portion  of  this  was  treated  witl 
dilute  sodium  hydroxide,  and  on  adding  acid  then,  after  warm 
ing,  or  on  letting  the  material  stand,  hydrogen  sulphide  wasgiva 
off.  This  was  easily  recognized  by  its  odor  and  the  black  cob 
it  gave  with  lead  acetate  paper. 

BemoyldilkiobemykarbatnaU,     C,H,CONHCS.SCH,C,H,,    re 

suits  smoothly  when  the  constituents  are  warmed  in  benzene  so 

lution.     No  hydrogen  cyanide  or  carbon  disulphide  is  formed  ii 

this  case.     When  crystallized  from  alcohol  it  forms  long  yello? 

needles  melting  sharply  at  108°.     A  nitrogen  determination  gave 

Calculated  for  it™,-^ 

CHiiONS,.  vauna. 

Nitrogen 4.87  4.91 

This  compound  gives  a  difficultly  soluble  sodium  salt  whicl 
separates  from  aqueous  alkali  in  colorless,  thin  plates.  It  i 
readily  soluble  in  alcohol  and  it  is  one  of  the  most  stable  salts  0 
this  series,  although  warm  alkali  rapidly  decomposes  it. 

Phenyl  Thiocyanate,  CjHjSCN,  and  Thu^tenzoic  Acid.—The^K 
cyanate,  in  this  case,  was  freshly  prepared  by  the  method  of  Gat 
termann  and  Hausknecht.'  It  was  allowed  to  digest,  on  thi 
water-bath,  with  thiobenzoic  acid  for  two  or  three  days,  where 
upon,  on  cooling,  a  mass  of  crystals  separated.  This  materia 
contained  no  nitrogen  and  it  proved  to  be  identical  with  pheny 
tkiolbemoaU,  C,HjCO.SC,Hs,  described  by  Schiller  and  Otto,'  am 
which  melts  at  56°. 

A  portion  of  this  thiocyanate  (7.8  grams)  was  allowed  b 
stand  at  34 "-36°  for  twenty-eight  days,  whereupon  it  was  heatei 
with  thiobenzoic  add  in  benzene  (20cc.)  for  two  hoursandi 

>  Btr.d.cktm   Crj.,  ».(.?;  (i569>- 
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half.  The  benzene  was  then  distilled  ofiF  and  found  to  contain 
some  hydrogen  cyanide  and  a  small  amount  of  carbon  disulphide. 
On  cooling,  nothing  solid  was  obtained,  and  no  solid  was  sepa* 
rated  by  adding  ether  (absence  of  notable  quantities  of  benzani- 
lide).  In  fact,  it  was  found  that  a  large  portion  of  the  rhodanide 
had  remained  unaltered  in  this  treatment.  Unaltered  thiobenzoic 
acid  was  removed  by  alkali,  and  on  evaporating  the  ether  solu- 
tion, nothing  but  phenyl  thiolbenzoate  was  obtained.  The  quan- 
tity of  benzanilide,  if  formed  at  all,  was  insignificant.  These  re- 
sults show  that  phenyl  thiocyanate  does  not  readily  undergo  a 
molecular  rearrangement  into  phenyl  mustard  oil,  although  Ber- 
thelot  states,  from  the  results  of  his  thermochemical  investiga- 
tions^ that  the  thiocyanate  was  transformed,  for  the  greater  part, 
on  simply  standing  during  a  summer  month. 

2,4,'Dinitrophenyl  Thiocyanate^  C,H,(NO,),SCN,  and  ThioaceiU 
Acid,  when  heated  together,  gave  a  product  insoluble  in  ether, 
benzene,  and  alcohol.  From  nitrobenzene  it  crystallized  in  small 
yellow  pyramids  which  had  no  definite  melting-point ;  at  250°  it 
b^an  to  decompose  and  was  not  completely  melted  at  280°.  It 
was  insoluble  in  alkali.  Although  a  nitrogen  determination 
agreed  with  the  calculated  for  a  dithiocarbamate,  the  properties 
of  the  substanoe,  however,  show  that  this  is  tetranitrophenyldi- 
sulphide,  (C,H,(NO,),S— )„  which  has  been  described  by  Will- 
gerodt.*     The  nitrogen  determination  was  as  follows : 

Calculated  for  »«««ri 

(CH,(NO,),S-),  -  C„H608N4St.  ^**""'^- 

Nitrogen 14.0  14.2 

When  this  substance  is  heated  on  platinum  it  explodes. 

2, 4'Diniirophenyl  Thiocyanate  and  Thiobenzoic  Acid  were  heated 
together  on  the  water-bath  without  benzene.  A  violent  evolu- 
tion of  gas  took  place  which  was  allowed  to  pass  through  water  ; 
this  then  responded  to  the  Prussian-blue  test  for  hydrogen  cyanide 
but  gave  no  test  for  thiocyanic  acid.  On  crystallizing  the  resi- 
due from  95  per  cent,  alcohol,  plates  were  obtained  which  melted 
at  about  100®,  This  material  proved  to  be  impure  benzoyldinitro- 
thiophenol,  which  is  said  to  melt  at  113®  (Willgerodt)  or  at  1 1 1  °.* 
On  treating  this  with  alkali  and  then  adding  acid,  the  above-men- 
tioned tetranitrophenyldisulphide  was  obtained. 

»  LoccU, 

'  Beilstein*8  "Handbuch,"  j,  8i6 ;  compare  Ber.  d.  chem.  Ges.,  9,  978,  and  10, 16S6  (1877). 

•  Kym :  Ber,  d.  chem.  Ges.,  3a,  3532  (1899). 
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Rkodanacetylethyluretkane  and  Thiobenzoic  Acid. — If  rhodan 
^tylethylurethane  has  a  mustard  oil  structure  it  should  act  will 
iobenzoic  acid  with  the  formatioa  of  hippurylurethane  an< 
rbon  disulphide.  Instead  of  this,  the  action  toolc  an  entirel; 
lerent  course.  5.7  grams  of  the  rhodanide,  prepared  accord 
\  to  the  directions  of  Frerichs,  and  melting  at  86",  were  dissolvec 
45  cc.  of  benzene,  and  4.3  grams  of  thiobenzoic  acid  wen 
ded.  The  mixture  was  heated  on  the  water-bath  for  eigh 
urs,  with  a  return  condenser,  whereupon  a  portion  of  thi 
Dzene  was  distilled  off  and  tested  for  carbon  disulphide,  b; 
ding  an  alcoholic  solution  of  potassium  hydroxide.  No  pre 
ritate  of  potassium  xanthate  was  obtained,  and  on  adding  cop 
r  sulphate  solution  no  yellow  precipitate  resulted.  The  reac 
m  product  was  therefore  free  from  carbon  disulphide.  Thi 
caline  solution  gave  the  Prussian  blue  test  for  hydrogen  cyanide 
le  benzene  solution  was  filtered  from  a  small  amount  of  materia 
d,  on  cooling,  minute  yellow  crystals  separated.  These  formet 
e  chief  product  of  the  reaction.  When  these  were  crystallizec 
>m  alcohol  thin,  golden  yellow  plates  were  obtained,  whid 
;lted  at  159°.  The  color  and  the  following  analysis  show  tha 
is  substance  is  benzoyldithwcarbamicacetyUthylurethane, 
C,H.CONHCS.SCH,CONHCO,C,H. : 


C|,H„Opi,S,.  '^'™'"'- 

Nitrogen 8.58  8.50 

lodanacetylethylorethane,  therefore,  has  the  structure 

NCS.  CH,CONHCO,C,H,. 
Rhodanmeikyl  Acetate  and  Thiobenaoic  Acid. — The  action  of  thi 
iocyanic  esters  of  acetic  add  with  thiol  acids  is  well  representee 

rhodanmethyl  acetate.  The  behavior  of  this  alone  is  de 
ribed  here  since  that  of  others  as  well  as  certain  homologne 
ve  been  used  in  other  work  and  will  be  described  in  a  late 
per.  When  the  rhodanide  in  question  was  warmed  with  thio 
nzoic  acid  no  carbon  disulphide  resulted  and  no  methyl  hip 
rate  was  obtained.  Thirteen  grams  of  thiobenzoic  aci< 
d    12    grams    of    rhodanmethyl   acetate    were  diluted   wit! 

cc.  of  benzene  and  heated  to  boiling  for  six  hours.  Oi 
aporating  o5  the  benzene  and  crystallizing  from  alcohol,  M 
ams  of  bright  yellow  prisms  melting  at  118°  were  easily  ob 
ned.     The  properties  of  the  substance  and  the  following  nitro 
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■ 

gen  determination  show  that  this  is  benzoyldithiocarbatnicmethyl 
acetaU,  C.H5C0NHCS.SCH,C0,CH, : 

Calculated  for  »^„^^ 

Nitrogen 5.24  5.65 

In  the  process  of  formation  of  the  above,  traces  of  hydrogen 
cyanide  are  evolved,  but  otherwise,  there  appears  to  be  very  little 
by-products  formed.  It  follows,  therefore,  that  rhodanmethyl 
acetate  is  a  derivative  of  normal  thicx^yanic  acid  and  not  a  mustard 
oil. 

Rhodanacetamide  and  Thiobenzoic  acidy  on  heating  together  in 
benzene  solution,  evolved  hydrogen  cyanide  and  on  cooling  ben- 
zoyldisulphide  separated  in  quantity.  On  distilling  off  the  ben- 
zene and  testing  for  carbon  disulphide  none  was  found.  This 
fact  establishes  that  rhodanacetamide  is  not  a  mustard  oil.  The 
remaining  material  in  the  benzene  solution  was  not  obtained  in  a 
state  of  purity.     It  formed  a  black  tar. 

Bmzoylthioglycollamide,  CeHjCOSCHjCONH,.  — This  was  pre- 
pared from  potassium  thiolbenzoate  and  chloracetamide,  in  order 
to  compare  it  with  the  products  in  the  above  experiment.     It^ 
crystallizes  from  hot  water  in  long  colorless  prisms  which  melt 
at  ii9*'-i2o®.     A  nitrogen  determination  gave : 

Calculated  for  i»«...«^ 

CHgOgNS.  -Bour^^. 

Nitrogen 7.18  7.35 

RhodancLcetmethylanilide  and  Thiobenzoic  Acid,  — When  6.6 
grams  of  this  rhodanide  and  4.4  grams  of  thiobenzoic  add  with 
35  cc.  benzene  were  heated  for  five  hours  on  the  water-bath,  no 
carbon  disulphide  was  formed  and  nothing  corresponding  to  hip- 
purmethylanilide  was  obtained.  The  Prussian  blue  test  showed 
the  presence  of  hydrogen  cyanide  and  on  evaporating  off  the  ben- 
zene a  tar  was  found.  On  treating  this  with  ether  and  on  crystal- 
lizing the  solid  which  separated  from  dilute  alcohol  yellow,  flat- 
tened prisms  or  tables  were  obtained,  which  melted  at  1 52  ®  (o.  2-0. 3 
gram).  A  nitrogen  determination  agreed  with  the  calculated 
for  benzoyldithiocarbamicmethylacetanilidey 

C,HjCONHCS.SCH,CON(CH,)C,H5 : 

Calculated  for  Tf«„.«^ 

CnH„0,N,S,.  P^""^^- 

Nitrogen 8.13  8.08 
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The  above  results  show  that  rhodanacetmethylanilide  is  a  dt 
-ative  of  normal  and  not  isothiocyanic  acid. 
/Hfyl/soliiocyanaie,  CfK^NCS,  and Thiobenzoic Acid Tca.ct\tnmn 
ttely  on  gently  warming,  carbon  disulphide  streams  off  and  th 
maining  light  yellow  colored  oil  distils  almost  entirely  from  175° 
6°  at  14  mm.  pressure.  Kay'  gives  the  boiling-point  of  aliy. 
tzamideas  173°-!  74°  at  14mm.  pressure.  The  carbon  disulphid 
olved  iu  these  reactions  is  pure  audit  has  no  disagreeable  odoi 
it  suggests  somewhat  that  of  ether.  That  it  is  carbon  disulphid 
IS  shown  in  each  case  by  the  xanthate  test. 
Phenyl  hoihiocyanate,  C,H5NCS,  and  Thiobensoic  Acid  reacts 
ry  readily  on  the  steaiq-bath ;  carbon  disulphide  was  evolve 
d  the  residue  solidified.  On  crystallizing  from  alcohol  larg 
Jtes  of  benzanilide  melting  at  161°  were  obtained. 
Phenyl  Isotkiocyanate  and  TAioacetic  Add  on  standing  at  ord 
ry  temperatures  for  a  month  deposited  a  mass  of  colorless  plat< 
acetanilide  melting  at  114°. 

a-Chlorallyl  fsothioeyanate,  CH,=CC1— CH.NCS,  and  Thi> 
nsoic  Acid. — The  isothiocyauate  was  prepared  according  to  tt 
reclions  of  Henry  and  5  grams  of  this  were  heated  with  5. 
ams  of  thiobenzoic  acid  in  45  cc.  of  benzene.  After  six  houi 
portion  of  the  benzene  was  distilled  off  and  this  gave  an  abui 
nt  precipitate  of  xanthate  with  alcoholic  potassium  hydroxidi 
D  hydrogen  cyanide  could  be  detected.  The  reaction  produ< 
IS  boiled  with  water  to  remove  some  oil  and  then  crystallize 
jm  a  mixture  of  benzene  and  petroleum  ether  whereupon  it  we 
itained  in  long  colorless  flattened  prisms  melting  at  95°.  1 
trogen  determination  agreed  with  the  calculated  for  2-chloraUy 
nzamide,  C.H.CONHCH,— CC1=CH, : 

Nitrogen 7.17  7.31 

Bemoyl  Rkodanide,  Q;B.^C0^CS,  and  Thiobenzoic  Acid  ^f^ 
irmed  for  a  short  time  on  the  water-bath,  carbon  disulphid 
IS  given  off,  and  the  residue  was  treated  with  alkali  and  ethe 
0  remove  some  benzonitrile).  The  alkaline  solution  on  addi 
ing  gave  a  product  which,  on  crystallizing  from  dilute  alcohol 
rmed  needles  melting  at  148".  This  material  was,  therefore 
benzamide. 
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Ethyl Selenocyanide.Q^^S^C^, — This  compound,  which  appears 
to  be  new,  was  prepared  from  16. i  grams  of  potassium  seleno- 
cyanide  and  15  grams  of  ethyl  bromide  in  alcohol  solution.  The 
reaction  is  complete  in  a  few  minutes,  and  it  is  best  then  to  add 
water  without  distilling  ofif  the  alcohol.  The  oil  is  somewhat 
volatile  in  alcohol  vapor  and  also  in  that  of  ether.  On  distilling 
at  741  mm.  pressure  it  practically  all  boiled  at  172®.  It  formed 
a  pale  yellow  oil  with  a  highly  disagreeable  odor.  A  nitrogen 
determination  gave : 

Nitrogen 10.44  10.38 

WTien  this  was  warmed  with  thiobenzoic  add  it  gave  ofiF  a  gas 
or  vapor,  with  the  odor  of  hydrpgen  cyanide,  and  an  oil  and  a 
solid  were  obtained.     These  products  were  not  investigated. 
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INTRODUCTION. 

EXPERIENCE  has  abundantly  shown  that  both  the  good  and 
the  bad  properties  of  any  individual  beet  are  largely  heredi- 
tary and  may  be  transmitted  to  succeeding  generations  of 
beets.  The  success  of  the  beet-sugar  industry '  in  recent 
times  has  been  due  to  a  very  large  extent  to  the  building 
up  of  a  race  of  high-grade  beets  by  means  of  the  selection 
of  individual  beets  having  high  sugar  content  for  the  pro- 
duction of  the  seed  for  later  use.  I/)ng-continued  and  care- 
ful efforts  in  this  direction  have  resulted  in  the  production 
of  beets  of  highly  satisfactory  •  sugar-producing  qualities. 
This  condition  is  more  or  less  abnormal,  however,  and  the  ten- 
dency is  toward  a  retrogression  or  reversion  to  the  original  state. 
In  order  to  prevent  this  and  to  maintain  the  present  high  state 
of  perfection,  constant  care  in  the  selection  of  only  the  best  beets 
for  mothers  for  seed  production  is  necessary.  Not  only  is  it 
essential  to  select  those  beets  which  possess  the  best  form  of  leaves 
and  root,  but  care  must  also  be  taken  that  only  those  whose  roots 
are  of  high  sugar  content  are  used.  The  sugar  content  of  indi- 
vidual beet  roots  under  the  same  conditions  of  growth  varies 
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dely.  It  is  obvious,  therefore,  that  a  knowledge  of  the  sugar 
ntent  of  each  beet  which  is  selected  is  of  the  utmost  importance, 
le  necessity  of  some  simple,  rapid,  and  accurate  method  for 
iting  small  samples  taken  from  individual  beets  is  therefore 
parent.  Moreover,  the  rapid  development  of  the  beet  sugar 
lustry  in  this  coimtry  of  late,  emphasizes  the  need  of  some 
dh  rapid  method  adapted  to  factory  control. 

DISCUSSION   OF   PRESENT    METHODS. 

Many  of  the  methods  already  suggested  for  the  determination 
sugar  in  beets  are  very  satisfactory  as  far  as  accuracy  is  con- 
ned, but  all  are  more  or  less  complicated  and  require  the  use 
expensive  apparatus  and  great  care  in  manipulation.  Further- 
)re,  a  large  force  of  laboratory  assistants  is  necessary  in  order 
make  the  process  of  any  of  the  known  methods  of  analysis 
nd  enough  for  control  work  in  the  selection  of  mother  beets- 
.  Francois  Sachs,  of  Brussels,  Belgium,  in  a  paper  read  before 
;  second  International  Congress  of  Applied  Chemistry  held  in 
ris,  July  27  to  August  5,  1896,  gives  a  very  clear  and  concise 
.tement  of  the  present  methods  for  the  analysis  of  sugar  beets 
i  suggests  certain  modifications  and  improvements  in  them, 
ismuch  as  this  article  has  not  yet  appeared  in  American  chem- 
1  literature,  we  quote  the  morepertinent  portions  of  it  below:' 
"  We  may  divide  the  methods  which  have  been  proposed,  for 
s  purpose,  into  three  groups: 

'  I.  The  indirect  methods  based  upon  the  analysisof  the  juice. 
'2.  The  alcoholic  methods. 
'  3.  The  aqueous  methods. 

'The  indirect  methods  no  longer  have  any  more  than  an 
toric  interest,  and  their  use,  particularly  in  France,  is  gradually 
appearing,  more  rational  methods  taking  their  place. 
'  It  has  long  been  believed  that  the  use  of  alcohol  is  indispens- 
e  for  the  exact  determination  of  the  percentage  of  sugar  con- 
ned in  the  beets.  Even  to-day  this  appears  to  be  the  opinion 
d  by  most  German  sugar  chemists.  In  fact,  when  one 
Qoves  the  pulp  of  the  sugar  beet,  extracts  with  alcohol,  and 
shes  the  exhausted  pulp  with  water,  the  aqueous  solution  thus 
ained  turns  a  ray  of  polarized  light  distinctly  to  the  right, 
aice.  it  has  been  concluded  that  alcohol  is  necessary  to  perfect 

1  Tramlatlon  made  bj  Division  of  ChemiWry,  Depur^mtnt  of  AKricullure.  Wsshing- 
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the  solution  of  optically  active  bodies,  such  as  sugar.  But  it  has 
been  demonstrated,  notably  by  the  work  of  two  Belgian  chemists, 
Chevron  and  Droixhe,  that  the  precipitation  of  these  active 
bodies  (which  appear  to  be  pectic  bodies)  is  complete  when  sub- 
acetate  of  lead  is  added  to  their  aqueous  solution. 

'*  It  is  necessary  to  conclude,  after  what  has  been  said,  that  the 
alcohol  and  aqueous  methods  ought  to  give  the  same  results  with 
the  same  beets.  This  is  exactly  what  has  been  observed  by 
Pellet,  Petermann,  Weisberg,  and  others.  The  objection  has 
been  made  that  Petermann  did  not  obtain  in  all  of  his  experiments 
absolutely  identical  results,  but  the  differences  are  so  small  that 
they  may  well  be  attributed  to  errors  in  sampling.  Moreover, 
subsequent  experiments  made  with  greater  care  have  given 
results  still  more  concordant.  It  may  seem  that  the  results 
obtained  by  the  aqueous  diffusion  method  are  too  high  by  about 
o.  I  per  cent. ,  because  the  hydration  of  the  marc  is  not  taken  into 
account,  but  this  same  error  must  occur  when  the  alcoholic 
diffusion  methods  are  used. 

*'  On  the  other  hand,  the  results  obtained  by  the  cold  aqueous 
diffusion  methods  may  be  too  high  if  the  analyst  neglects  to  com- 
pletely eliminate  the  air  imprisoned  in  the  fine  pulp,  as  has  been 
frequently  observed,    notably    by    Woijcki  in  Russia,  and  by 
Nassou  at  Gembloux.     When  all  of  the  common  errors  are  elimi- 
nated, in  the  application  of  the  two  methods,  no  sensible  differ- 
ence between  the  results  have  been  observed,  either  in  Belgium 
or  in    France.     In    Germany,    on  the    contrary,    most  of  the 
chemists  generally  continue  to  afiSrm  that  the  alcoholic  methods 
give  more  exact  results  than  the  aqueous  methods,  and  that  for 
certain  abnormal  beets  the  differences  may  be  very  considerable. 
*'  I  shall  not  stop  to  discuss  the  hot  aqueous  diffusion  methods 
which  give  good  results,  but  which  have  not  the  desired  sim- 
plicity.    The  cold  aqueous  diffusion,  designed  by  our  colleague, 
M.  Pellet,  is  much  more  practical.     However,  as  has  already  been 
said,  this  method  as  it  is  generally  applied  requires  the  complete 
elimination  of  the  air   imprisoned    in  the  pulp,  and  therefore 
demands  especial  care.     Moreover,   the  introduction  of  the  pulp  | 

by  means  of  a  funnel  into  a  flask  with  a  more  or  less  narrow  neck,  | 

is  an  operation  which  it  is  very  desirable  to  dispense  with.  i. 

"  It  is  these  considerations  that  led  us  to  modify  the  ordinaryl 
methods  by  introducing  the  pulp  into  a  large  ungraduated  vesse 
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id  adding  to  it  at  once  by  means  of  a  pipette,  the  proper  quan 
ty  of  lead  subacetate  and  water.  This  method  was  announce! 
vo  years  ago  (April  34,  1894)  at  the  meeting  of  the  Associatioi 
■  Belgian  Chemists.  We  then  incorrectly  attributed  the  origi 
il  idea  to  Woijcki.  We  wish  to  say  now  that  it  should  h 
edited  to  Kaiser  and  Lewenberg. 

"  Kaiser'  proposed  to  use  26.048  grams  of  the  finely  raspe( 
nip  with  the  addition  of  76  cc.  of  water  and  lead  subacetati 
ilution.  He  used  a  special  correction  in  the  case  of  very  ricl 
Mts. 

"  Lewenberg' directed  the  use  of  26.048  grams  of  the  finel; 
isped  pulp,    3  cc.  of  lead  subacetate  and  73.8  cc.    of  water 

"Woijicki'  designed  a  simple  apparatus,  by  means  of  which  h 
^monstrated  that  in  the  ordinary  method  even  as  mu(di  as  3. 
;.  of  air  is  left  in  the  flask. 

' '  Walawski*  proposed  to  take  any  convenient  weighed  quantit; 
:  the  beet  pulp  and  to  add  to  it  3.6  times  its  weight  of  water  am 
ad  subacetate  solution.  This  modification  does  not  appea 
I  us  to  be  a  desirable  one. 

"  We  have  in  our  turn  simplified  somewhat  the  form  of  tb 
iparatus  used.  We  have  found  it  convenient  to  use  for  thi 
>mial  weight,  26.048  grams  of  the  beet  pulp,  about  5  cc.  0 
ad  subacetate  solution,  and  a  sufficient  quantity  of  water  ti 
nng  the  total  volume  of  the  liquid  contained  in  the  pipette  ti 
p  cc.  We  tried  this  method  and  the  results  were  not  satis 
.ctory.  We  found  that  it  was  necessary  to  shake  the  mixtnti 
ir  a  very  long  time  in  order  to  obtain  a  complete  distribution  0 
le  sugar  throughout.  We  then  decided  to  modify  the  metbot 
ore  radically  and  for  that  purpose  constructed  a  pipette,  bavinf 
capacity  of  177  cc.,  which  enabled  us  to  obtain  the  condition 
K»mmended  for  the  ordinary  method.  Working  in  this  mannei 
e  obtained  perfectly  satisfactory  results.  We  have  never  fount 
lat  more  than  three  minutes  are  necessary  to  obtain  a  completi 
stnbution  of  the  sugar  throughout  the  mixture." 

OBJECTIONS  TO  PRESENT  METHODS. 
Any  of  the  methods  now  in  use  will  give  fairly  accurate  and 

1  Dtulicki  Zutkerinduttrit,  1B93,  p.  41  j. 

•  Doditck.  189a. 

'  Gaiila  Cukrawicna,  1S9J.  p.  jij;  OaUr.  Ztit«kr^t,  1894,  p.  146, 

*  Gatrta  Cukrounctne,  1894,  p.  tK;  Oaltr.  ZtiUehrift.  i%i  P.  i"T- 
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satisfactory  results  if  carefully  carried  out.     They  all  possess  in 
general,   however,  certain  inherent  sources  of  error,  the  inac- 
curacies resulting  from  which  become  greater  and  greater  as  care- 
fulness   of    manipulation    is  sacrificed  to  speed.     The  several 
sources  of  error  which  may  be  mentioned  here  are  as  follows: 
First,    the  pulp  itself  is  susceptible  to  changes  in  composition 
during  weighing,  both  through  the  evaporation  of  its  water  and 
through  pressure  exerted  by  the  appliances  used  in  transferring 
the  pulp  from  the  dish  containing  it  to  the  weighing  capsule.    In 
rapid  work,  where  pincers  or  some  similar  appliance  must  be 
used  to  transfer  small  portions  of  the  pulp  either  to  or  from  the 
weighing  dish  in  order  to  obtain  the  exact  normal  weight,  the 
change  in  composition  of  the  pulp  thus  handled  becomes  quite 
significant.     Moreover,  as  in  all  cases  where  only  a  portion  of 
the  sample  is  used  for  analysis  (the  normal  weight  or  some  frac- 
tion or  multiple  thereof),  unless  great  care  is  taken  the  portion 
which  is  weighed  out  does  not  accurately  represent  an  average  of 
the  whole  sample.     Second,  the  amount  of  lead  subacetate  to  be 
used  in  clarifying  the  juice  varies,  and  too  much  or  too  little  of 
the  reagent  is  liable  to  be  added,  with  a  resulting  efiFect  upon  the 
polarization  value  of  the  solution.     Third,   the  sample  'of  pulp 
occupies  some  space  in  the  flask  and  the  flask  does  not,  therefore, 
contain  exactly  100  cc.  of  liquid  (t.  ^.,  sugar  solution).     This 
error  is  compensated  for  in  most  cases  by  using  flasks  which  are 
graduated  at  101.3  cc.,  the  1.3  cc.  additional  being  adopted  as  the 
average   value    for  the  volume  occupied   by  the  pulp.     This 
requires,  of  course,  specially  constructed  flasks,  and  the  figure 
thus  arbitrarily  adopted  is  more  or  less  far  from  the  truth  in  indi- 
vidual cases.     Fifth,   as  has  been  noted  in  the  article  quoted 
above,  the  pulp  mechanically  encloses  considerable  air,  and  the 
error  due  to  the  change  in  volume  of  solution  thus  produced  may 
in  some  cases  become  very  significant.     Finally,  the  volume  to 
which  the  solution  is  made  is  always  measured  in  graduated 
flasks,  the  calibration  of  which  is  not  always  accurately  done. 

Moreover,  in  all  the  present  methods  of  analysis  as  employed 
in  this  country,  there  are  certain  steps  in  the  process  which 
require  considerable  care  and  the  manipulation  of  which  requires 
much  time.  These  interfere  seriously  with  rapid  work,  and  the 
speed  of  the  operation  is  consequently  quite  limited.  In  the  first 
place,  a  certain  definite  weight  of  pulp  must  be  obtained.     If 
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[lis  IS  done  with  a  tolerable  degree  of  exactness  considerable 
me  is  consumed.  Next,  the  pulp  must  be  transferred  to  a  flask 
aving  a  somewhat  narrow  neck.  Owing  to  the  tendency  of  the 
articles  of  pulp  to  agglomerate,  this  is  a  difBcult  and  tedious 
peration  at  best.  In  the  third  place,  the  volume  of  the  sotu- 
Ion  must  be  made  up  to  the  mark  on  the  neck  of  the  flask  with 
ore.  Since  all  aqueous  solutions  of  beet  juice  froth  badly  while 
he  water  is  being  added,  some  precaution  to  break. this  froth  is 
enerally  necessary  and  it  is  with  difficulty  that  the  process 
>  carried  out  quickly. 
An  ideal  method  for  the  rapid  determination  of  sugar  in  samples 
f  beet  pulp  would,  therefore,  be  one  in  which  the  entire  sample 
s  received  from  the  drill  would  be  used,  the  pulp  itself  would 
ot  be  transferred  from  the  dish  into  which  it  is  first  received, 
nd  the  proportion  of  lead  subacetate  to  the  amount  of  pulp  used 
rould  be  constant.  The  article  quoted  above  describes  the  recenl 
ttempts  by  European  chemists  to  modify  Pellet's  method  in 
rder  to  conform  more  closely  to  these  conditions.  The  modi- 
cations  suggested  obviate  some  of  the  objectionable  features  ol 
he  original  method,  but  give  more  or  less  unsatisfactory  results, 
n  order  to  ascertain  and  to  eliminate,  if  possible,  the  sources  ol 
rror  in  the  methods  suggested  by  Dr.  Sachs,  and  in  order  tc 
ake  advantage  of  the  more  desirable  features  of  these  methods, 
he  present  work  was  undertaken. 

THE  PROPOSED  METHOD,      THEORETICAL  CONSIDERATIONS. 
In  the  following  discussion  the  factors  required  by  the  ScbmidI 
nd  Haensch  polariscope  are  used  exclusively.     The  principle; 
avolved  are  general,  however,  and  the  method  of  analysis  maj 
e  used  with  any  other  make  of  instrument,  the  factors  being 


It  is  evident  that,  in  order  that  the  scale  of  the  instru- 
nent  shall  correctly  show  the  percentage  of  sugar  in  the 
ample  taken,  a  certain  relation  of  weight  of  pulp  taken  to  volume 
f  solution  must  always  be  maintained;  namely,  26.04S  :  100.  Il 
5  not  necessary  that  the  weight  taken  shall  always  be  26. 046 
Tams.  It  may  be  any  fraction  or  any  multiple  of  this,  but  tht 
■olume  of  solution  must  be  correspondingly  decreased  or  increased, 
nd  the  flaslcin  which  the  solution  is  made  up  to  volume  must 
e  calibrated  accordingly.     Hence,   all  methods  of  analysis  non 
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in  use  require  that  the  weight  of  pulp  to  be  taken  shall  be  some 
simple  multiple  or  fraction  of  the  normal  weight,  in  order  that 
the  required  volume  may  be  200  cc,   100  cc,  or  50  cc.,  these 
being  the  volumes  at  which  flasks  are  usually  graduated.     The 
100  cc.  of  liquid  in  the  solution  required  by  the  normal  weight  of 
pulp  is  made  up  of  two  components,  namely,  the  water  originally 
present  in  the  juice  of  the  sample  and  the  water  added  to  com- 
plete the  proper  volume.     If,  now,  the  quantity  of  water  in  the 
pulp  be  known,  the  residual  quantity  which  must  be  added  to 
give  the  correct  volume  of  solution,  can  easily  be  determined. 
This  amount  of  water  may  then  be  added  directly  to  the  pulp 
in  the  containing  vessel  and  the  necessity  for  transferring  the 
pulp  to  a  graduated  flask  and  adding  water  to  the  mark  be 
obviated.     Furthermore,  there  would  then  be  no  necessity  for 
taking  just  the  normal  weight  of  pulp  or  an  even  multiple  or 
fraction  thereof,  since  it  is  only  necessary  to  preserve  the  ratio  of 
weight  to  volume  mentioned  (that  is,   26.048  :  100  or  i  gram : 
3.839  cc. )  in  order  to  preserve  the  conditions  required  by  the 
polariscope.     In  other  words,  any  weight  of  pulp  might  be  taken 
and  sufficient  water  added  to  complete  the  volume  of  the  solution 
in  cubic  centimeters  to  3.839  times  the  weight  of  the  pulp  taken. 
Not  all  beets  contain  the  same  percentage  of  water.     It  is  a 
well-known  fact,  however,  that  in  general  this  percentage  does 
not  vary  through  very  wide  limits.    In  most  cases  as  the  percent- 
age of  sugar  in  the  beet  increases  the  percentage  of  non-sugars 
decreases,  or  in  other  words  the  total  solid  matter  in  the  beet 
does  not  change  as  rapidly  as  does  the  sugar  content.     A  long 
series  of  determinations  made  at  this  Station  during  several  years 
shows  that  for  boets  of  from  8  per  cent,  to  15  per  cent,  sugar 
content  the  water  content  almost  always  falls  between  80  per 
cent,  and  84.5  per  cent.     Since  such  wide  limits  of  sugar  content, 
as  those  mentioned,  would  include  most  beets  to  be  analyzed 
during  any  season  or  during  a  particular  period  of  analysis,  it 
would  be  possible  to  assume  an  average  factor  for  water  content 
which  would  vary  from  the  true  amount  of  water  in  any  indi- 
vidual beet  by  not  more  than  2  per  cent.,   except  in  very  rare 
cases.     A  simple  calculation  will  show  that  this  maximum  of 
error  in  the  water  factor  will  not  change  the  dilution  of  the  sugar 
solution  sufficiently  to  cause  a  perceptible  difference  in  the  polari- 
scopic  reading.     For  example,  2  per  cent,  of  26.048  equals  0.52. 
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An  error  of  2  per  cent,  in  the  assumed  water  factor  would  ther 
result  in  the  addition  of  0.52  gram,  or  cubic  centimeters  of  watei 
too  much  or  too  little.  The  resulting  volume  will  therefore  b« 
100  ±0.5200.,  or  it  will  be  increased  or  decreased  by  0.52  percent 
of  itself,  and  the  polariscopic  reading  will  be  corresponding!} 
affected.  A  beet  which  should  give  a  polariscopic  reading  of  i^ 
will  therefore  read  0.52  per  cent,  of  14,,  or  0.07,  too  high  or  to( 
low,  an  error  scarcely  appreciable  in  any  ordinary  polariscopc. 
If  in  exceptional  cases  the  error  in  the  water  factor  should  rist 
to  4  per  cent,  or  even  to  5  per  cent.,  the  corresponding  error  it 
the  polariscopic  reading  would  amount  to  less  than  0.2  per  cent., 
or  in  other  words  an  extraordinarily  poor  beet  having  an  unusu 
ally  high  percentage  of  water  will  give  a  reading  slightly  too  low, 
or  an  exceptionally  good  beet  may  give  a  reading  slightly  tcx 
high,  but  in  no  possible  case  would  the  error  due  to  this  caust 
amount  to  more  than  0.2.  In  analyses  for  the  selection  of  mothei 
beets  it  is  customary  to  double  the  dilution  in  order  to  obtain  i 
larger  filtrate  from  a  small  sample  of  pulp,  and  then  double  th< 
polariscopic  reading.  In  case  this  should  be  done,  the  possible 
error  due  to  variation  of  water  content  from  the  factor  assumed 
would  be  diminished  one- half ,  and  in  no  possible  case  could  there 
be  an  error  amounting  to  o.  i  from  this  source. 

It  is  possible,  then,  to  assume  a  factor  for  the  water  contenl 
which  will  represent  the  true  amount  of  water  present  in  the  beet 
so  closely  as  to  produce  no  appreciable  error  in  the  polariscope 
reading.  If  we  represent  this  factor  by  x,  the  ratio  of  weight 
of  pulp  taken  to  the  volume  of  water  necessary  to  be  added  in 
order  to  bring  the  total  volume  up  to  the  proper  amount  would 
berepresented  by  26.048 :  100—26.048  x.  Having  assumed,  then, 
a  value  for  x,  this  ratio  may  readily  be  calculated,  and  a  table 
arranged  to  show  the  exact  volume  of  water  to  be  added  to  any 
given  weight  of  pulp  in  order  to  bring  the  total  water  of  th« 
massuptothecorrectvolumefor  that  weight.  For  example,  ifw< 
assume  82  per  cent,  as  this  factor,  the  formula  would  then  become 
26.048  :  100 — {26.048  X  0.82),  or  26.048  T  78.64,  or  i  :  3.019. 
Upon  this  basis,  then,  the  volume  of  water  to  be  added  in  any  par- 
ticular case  would  be  3.019  times  the  weight  of  pulp  taken. 
A  table  could  then  be  prepared  showing  the  amount  of  water 
to  be  added  for  any  particular  weight  of  pulp  taken.  In 
case  the  samples  are  to  be  obtained  by  means  of  a  boring  rasp, 
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as  recommended  below,  this  table  would  not  need  to  extend  over 
more  than  10  grams,  between  the  limits  of  5  and  15  grams, 
since  all  the  samples  obtained  by  the  boring  rasp  will  usually  fall 
between  these  limits  of  weight.  The  following  arrangement  of 
the  table  has  been  found  to  be  very  satisfactory  : 


Grams.— »■ 

5 

6 

7 

8 

9 

xo  etc. 

i 

cc. 

cc. 

cc. 

cc. 

cc. 

cc. 

0.00 

15.10 

18.12 

21.14 

24.16 

27.18 

30.20 

0.02 

15.16 

18.18 

21.20 

24.22 

27.24 

30.26 

0.04 

15.22 

18.24 

21.26 

24.28 

27.30 

30.32 

0.06 

15.28 

18.30 

21.32 

24.34 

27.36 

30.38 

0.08 

15.34 

18.36 

21.38 

24.40 

27.42 

30.44 

o.xo 

15.40 

18.42 

21.44 

24.46 

27.48 

30.50 

etc. 

Such  a  table  will  show  at  a  glance  the  desired  volume  to  be 
added.  For  example,  5  grams  of  pulp  would  require  the  addi- 
tion of  15.10  cc.  of  water  ;  9.08  grams  would  require  27.42  cc, 
etc. 

DETERMINATION  OF  AVERAGE  WATER  CONTENT. 

For  the  purpose  of  obtaining  figures  from  which  to  decide  upon 
the  number  to  be  assumed  as  the  water  factor  in  calculating  the 
quantity  of  water  to  be  added  to  the  pulp,  a  direct  determination 
by  taking  samples  from  as  many  beets  as  possible  should  be 
made.  The  beets  taken  for  this  purpose  should  be  of  as  widely 
different  character  and  grown  under  as  different  conditions  as  are 
those  which  are  subsequently  to  be  analyzed  by  this  process.  A 
convenient  method  for  determining  the  water  content  is  as  fol- 
lows :  The  beet  should  be  split  in  half  longitudinally,  and  thin 
slices  cut  from  one  of  the  exposed  surfaces  from  various  parts  of 
the  beet  until  about  15  grams  are  obtained.  These  thin  slices 
should  be  received  on  a  weighed  watch-glass  or  other  similar  dish, 
covered  to  prevent  evaporation,  and  their  weight  immediately 
determined.  The  watch-glass  should  then  be  placed  in  a  water 
oven  and  dried  until  the  loss  in  weight  in  one  hour  is  not  more 
than  5  milligrams.  Prom  the  total  loss  in  weight  the  percentage 
of  water  originally  contained  may  be  calculated. 

A  simple  determination  of  the  total  solid  matter  in  the  juice  of 
the  beet  by  the  ordinary  method,  using  a  Brix  spindle  and  calcu- 
lating this  value  back  to  that  for  the  original  beet  by  means  of 
the  usual  coefficient  for  marc,   will  not  suffice  if  an  accurate 
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lit  be  required.  Variations  in  the  relative  amounts  of  insoluble 
ds  (marc)  are  too  great.  Furthermore,  the  fact  that  the 
K  spindle  is  calibrated  in  solutions  of  pure  sugar  gives  rise  to 
;rror  which  has  been  found  to  amount  to  as  much  as  i^  per 
t.  in  some  cases,  and  its  reading  is  nearly  always  from  0.5 10 

higher  than  the  figure  obtained  by  a  direct  determination  of 

total  solids  in  the  juice. 

)uring  the  investigations  upon  the  applicability  of  the  pro- 
ed  method  made  at  this^laboratory  this  season,  the  actual  watei 
tent  of  some  sixty  beets  was  determined.  These  beets  wert 
en  from  fields  in  five  different  sections  of  the  state,  and  fioE 
li  field  beets  of  widely  different  appearance  were  selected. 
;  following  table  shows  the  results  of  these  determinations  : 

Tablb  I.    Water  Content  of  Bkbts. 


SuRar  [n  beet. 

No 

mberof 

Annsa 

Per  eenl. 

alyws. 

Per  cent. 

Per  ceot. 

Percent 

8  to   10 

86.04 

81.71 

84.64 

10   to   12 

30 

85.« 

S0.56 

83.05 

la  to  14 

'3 

83.63 

79.91 

81.10 

Above  14 

I 

81.^5 

Not  determi 

ned 

6 

85.16 

80.54 

8J.69 

Total 

,  61 

Averaj 

[c,  8».74 

i'hat  the  above  results  represent  closely  the  normal  conditioi 
beets  for  any  year  and  that  the  water  content,  to  a  very  stri 
g  degree,  is  independent  of  the  season,  of  weather,  and  of  tin 
d  of  cultivation,  is  shown  in  the  following  table.  These  dab 
re  compiled  from  results  obtained  at  the  Nebraska  Experimen 
tion.  Excepting  for  the  year  1898,  the  samples  analyzed  wer 
en  from  fields  on  the  Station  farm.  Each  year  the  beets  wer 
iwn  in  a  different  field.  The  character  of  the  soil  in  these  field 
ers  considerably.  Moreover  the  meteorological  records  fo 
se  successive  years  show  a  decided  lack  of  uniformity  in  di 
tic  conditions.  The  figures  given  for  1898  represent  the  com 
lition  of  mature  beets  grown  that  year  at  Ames,  Nebraska 
ere  the  character  of  the  soil,  the  rain-fall,  etc.,  are  wholl; 
ierent  from  that  at  Lincoln. 
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Tabi,b  II. 

No.  of 

Sugar  in  beet. 

Percentage  of  water. 

Year. 

analyses. 

Max. 

Min. 

Average. 

Max. 

Min. 

Average. 

1892 

9 

14.2 

10.8 

12.7 

83.70 

80.75 

81.74 

1894 

7 

13.8 

10.6 

II.9 

83.66 

80.24 

82.00 

1895 

9 

10.3 

7-3 

8.6 

85.64 

83.64 

84.51 

1896 

5 

13.5 

II. I 

11.8 

84.14 

82.11 

83.27 

1897 

10 

13.8 

10.8 

12.3 

83.65 

80.26 

81.89 

1898 

9 

15.5 

II.8 

13.6 

82.98 

79-33 

81.21 

In  spite  of  this  diversity  of  conditions  that  affect  the  growth 
and  development  of  the  beet,  the  differences  in  the  percentages 
of  water  contained  are  not  large,  as  the  above  table  shows.  The 
grand  average  is  82.43  P^^  cent.  The  largest  percentage  observed 
was  85.64,  and  the  smallest,  79.33.  The  former  was  from  an 
abnormally  poor  beet  with  a  sugar  percentage  of  7.5  while  the 
latter  was  from  a  high-grade  beet  containing  14.  i  percent,  sugar. 
With  these  two  exceptions  the  range  of  values  is  from  80.24  per 
cent,  to  84.51  per  cent. 

All  of  these  figures  indicate  that  for  beets,  most  of  which  con- 
taii\  between  8  per  cent,  and  14  per  cent,  of  sugar,  83  per  cent, 
might  be  assumed  as  an  average  water  factor  without  there  being 
a  variation  in  any  individual  case  of  more  than  3  per  cent.  As 
has  been  shown  above,  this  variation  will  not  produce  an  error 
of  more  than  o.  i  in  the  polariscope  reading.  In  a  more  favor- 
able season,  or  portion  of  a  season,  when  the  beets  average  better, 
the  average  water  content  would  be  lower.  For  use  in  analj'sis 
of  beets  which  have  from  12  per  cent,  to  16  per  cent,  of  sugar, 
the  factor  82  per  cent,  or  81.5  per  cent,  would  probably  be  found 
to  be  more  nearly  correct.  In  case  unusually  good  beets  are  to 
be  analyzed,  for  example,  beets  that  have  previously  been  care- 
fully sorted  out  for  use  ^s  mother  beets  for  seed  production,  a 
still  lower  factor — 80  per  cent,  or  78  per  cent.,  depending  upon 
the  richness  of  the  beets — would  be  selected. 

From  the  above  discussion  it  will  be  seen  that  the  addition  to 
the  pulp  of  3.6  times  its  weight  of  water  and  lead  subacetate 
solution  suggested  by  Walawski  is  erroneous  and  would  give  rise 
to  grave  inaccuracies.  For  example,  3.6  times  the  normal  weight 
(26.048)  equals  93.8.  100  cc.  minus  93.8  cc.  equals  6.4  cc,  the 
water  presumed  to  be  present  in  the  beet  pulp.  Since  6.4  cc.  or 
grams  of  water  is  only  25  per  cent,  of  the  weight  of  the  sample 
taken,  the  error  in  the  supposition  is  apparent. 
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a  the  same  way  Kaiser's  proposition  to  add  76  cc,  of  water 
I  lead  subacetate  solution  to  the  normal  weight  of  pulp  would 
Id  erroneous  results,  since  in  this  case  it  is  supposed  that  24  cc. 

approximately  92  per  cent,  of  water)  is  present  in  the  beet 
p,  an  unknown  condition.     Lewenberg's  modification,  increas- 

the  volume  of  water  and  lead  subacetate  to  be  added  to  76.8 
,  supposes  the  presence  of  23.3  cc.,  or  89.2  per  cent,  of  watei 
:he  beet  pulp.  This  percentage  of  water  is  still  much  higher 
n  that  obtained  by  direct  determination,  and  would  introduce 
orresponding  error. 

)r.  Sachs'  method  requires  the  addition  of  77  cc.  of  water  and 
d  subacetate  solution  to  the  normal  weight.  In  this  case 
>wance  is  made  for  23  cc.,  or  88.3  per  cent,  of  water,  in  the 
t  pulp.  This  high  water  factor  may  be  the  source  of  the 
satisfactory  results  which  he  first  obtained  and  which  he  attrib- 
d  to  incomplete  diffusion  of  the  sugar  present.  The  experi- 
e  and  observation  of  many  analysts  show  that  the  diffusion  ol 
;ar  is  perfect  and  practically  instantaneous,  if  the  pulp  is 
Gciently  fine,  when  only  the  ordinary  or  normal  dilution  is 
de.  This  makes  unnecessary  the  double  dilution  of  the  soln- 
1  (with  its  attendant  increase  of  error  in  the  polariscopic 
ding)  as  proposed  by  Dr.  Sachs.  The  error  due  to  the  incor- 
t  value  for  the  water  coefficient  would  of  course  be  diminished 
;-half  by  the  double  dilution,  and  this  possibly  explains  the 
re  satisfactory  results  that  were  obtained  thereby. 

THE  PROPOSED  METHOD.  DETAILS  OP  MANIPOLATION. 
!^his  being  a  method  depending  upon  cold  aqueous  diffusion  ol 
sugar  in  the  beet,  it  is  absolutely  essential  that  the  sample  tc 
analyzed,  be  reduced  to  an  impalpable  pulp  in  order  that  the 
usion  of  the  sugar  throughout  the  solvent  may  be  complete, 
e  boring  rasp  devised  by  Messrs.  Kiel  &  Doll^  has  been  found 
be  well  adapted  for  this  purpose. 

The  sample  of  pulp,  after  being  rasped  to  a  sufficient  degree 
fineness,  is  received  directly  into  a  tared  capsule  of  the  fonn 
■gested  by  I,e  Docte'  and  the  weight  of  the  pulp  ascertained, 
r  this  purpose  a  balance  which  is  sensitive  to  one  centigram  is 
ficiently  accurate,  since  it  is  not  necessary  to  know  the  weight 
:h  more  exactness  than  the  nearest  centigram.     The  process 

:hcmlsta  of  Bnt-Sugar  Rouses",  page  i3i. 
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of  weighing  may  be  facilitated  by  the  use  of  a  gram  rider  on  the 
beam  of  the  balance,  in  place  of  the  usual  fractional  weights. 

As  soon  as  the  weight  of  the  pulp  is  ascertained,  the  volume 
of  water  to  be  added  to  this  weight  is  read  oflF  from  the  table 
previously  prepared  as  indicated  above.  Since  the  solution  must 
be  clarified  as  well  as  made  up  to  definite  volume,  the  water  to  be 
added  should  contain  sufficient  lead  subacetate  to  clarify  the  mix- 
ture. For  this  purpose,  water  containing  3  per  cent,  by  volume 
of  a  solution  of  lead  subacetate  of  54.3**  Brix,  or  specific  gravity 
1.257,  ^^s  been  recommended  and  has  been  found  to  give  excel- 
lent results.  If  it  be  desired  to  use  acetic  acid  as  recommended 
by  Pellet,  this  may  also  be  added  to  the  water.  For  rapid  work, 
the  solution  thus  prepared  should  be  contained  in  a  reservoir 
connected  with  a  burette  having  a  two-way  connection,  which 
will  automatically  fill  to  the  zero  mark.  The  capsule  containing 
the  pulp  is  then  held  under  this  automatic  burette  and  the  volume 
of  liquid  which  was  ascertained  frpm  the  table  is  discharged  into 
the  capsule.  A  quarter  turn  of  the  stop-cock,  or  proper  adjust- 
ment* of  the  pinch-cocks,  closes  the  discharge  and  connects  the 
burette  with  the  reservoir  so  that  it  may  fill  to  the  zero,  ready 
for  the  next  sample. 

The  capsule  containing  the  pulp  thus  properly  diluted  is  then 
covered  with  a  light  disc  of  wood  or  glass,  inclosed  in  a  sheet  of 
rubber  so  that  it  will  fit  closely  to  the  top  of  the  capsule  and 
make  a  water-tight  covering.  The  capsule  is  then  grasped 
between  the  thumbs  and  forefingers  in  such  a  way  as  to  press  the 
cover  down  closely,  and  shaken  vigorously.  The  sugar  is  dif- 
fused uniformly  throughout  the  solution,  practically  instan- 
taneously if  the  sample  has  been  properly  prepared.  The  cover 
may  be  coated  with  vaseline  before  use,  and  if  slipped  to  one  side, 
not  lifted,  in  removing,  it  is  in  readiness  for  another  determination. 

The  mixture  is  then  poured  on  a  dry  filter  and  the  remainder 
of  the  operation  carried  out  as  usual.  The  use  of  the  Pellet  con- 
tinuous-flow observation  tube  materially  shortens  the  time 
required  for  the  polariscopic  reading. 

EXPERIMENTAL  WORK. 

The  method  thus  described  was  used  in  the  analysis  of  some 
sixty  beets  in  this  laboratory  last  fall.  In  every  case  a 
large  sample  of  pulp  from  each  beet  was  obtained,  thoroughly 
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d  to  insure  uniformity  of  composition,  and  then  di^nde 
portion  being  analyzed  by  the  new  method  and  tl 
r  by  the  Pellet  hot  aqueous  diffusion  method — using  deal: 
lormal  weight  of  pulp  and  making  the  volume  up  to  302 
The  beets  were  selected  from  the  five  different  fields  me 
id  above,  and  the  results  obtained  show  that  they  varied 
position  through  wide  limits.  The  water  factor  assumed 
aring  the  table  for  the  analyses  was  82  per  cent.  The  bee 
lot  prove  to  be  so  rich  in  sugar  content  as  was  expecte 
:ver,  and  the  factor  83  per  cent,  would  probably  have  repr 
id  more  closely  the  average  water  content  of  the  bee 
rzed.  This  latter  figure  would  probably  have  reduced  som 
i  the  error  in  the  results  obtained  for  the  very  low-gra 
i.     The  results  of  the  analyses  are  shown  in  the  followii 

E  III.— Comparative  Rksi;i.ts  Obtainbd  bv  the  New  Msthc 
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No. 

Pulp 
taken. 
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Per  cent. 
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dlnusion. 
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27 

21.85 

66.00 

lO.O 

9.9 

-h  O.I 

28 

19.80 

59.80 

II. I 

II. I 

•  • 

29 

24.12 
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II.4 

II.4 

•  • 

30 
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12.0 

I2.I 
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31 

II. II 

33.58 
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32 
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33 
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34 
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.  . 
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47 
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48 
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49 
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50 
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51 
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10.4 

10.35 
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20.00 
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II.O 

II.O 

•  • 

53 
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40.95 

9.9 

9.8 

+  0.1 

54 

14.72 

44.45 

8.6 

8.6 

•  • 

55 

13.92 

42.04 

11.5 

11.4 
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56 

18.52 
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8.0 

8.2 
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Of  these  results  only  five  (Nos.  7,  18,  20,  27,  and  56)  show  a 
variation  from  those  obtained  by  the  hot  aqueou$  diffusion, 
greater  than  might  be  obtained  from  duplicate  samples  analyzed 
by  the  same  method.  The  five  beets  which  gave  results  too  low 
by  0.2  per  cent.,  or  more,  are  all  very  low-grade  beets  from  which 
low  results  might  be  expected  owing  to  the  increased  dilution  of 
the  solution  to  be  polarized,  because  of  the  unusual  amount  of 
water  present  in  the  beets.  It  is  generally  admitted  that  the  hot 
aqueous  diffusion  method  of  analysis  gives  scientifically  accurate 
results  if  properly  carried  out.  Since  the  new  method  gives 
results  which  compare  so  favorably  with  those  obtained  by  this 
process,  its  accuracy  and  the  fact  that  it  is  based  on  correct  prin- 
ciples are  established. 
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APPLICATION  OP  THE  METHOD  TO  THE  ANALYSIS  OP  MOTHEB 
BEETS. 

The  principles  of  the  method  as  outlined  above  permit  the  i 
of  certain  modified  forms  of  the  apparatus  employed  which  t 
decrease  to  a  very  considerable  extent  the  time  required 
making  a  single  analysis  and  hence  increase  the  number 
analyses  which  may  be  made  in  a  day.  The  most  important 
these  modifications  are  described  below. 

Balance — For  very  rapid  work,  an  automatic  and  self-regist 
ing  balance,  to  be  used  in  determining  the  weight  of  the  sam 
of  pulp,  is  very  desirable.  The  new  form  of  balance  recently  ] 
upon  the  market  by  Kaehler  and  Martini  would  serve  very  v 
for  this  purpose,  since  the  weight  of  any  substance  placed  u[ 
the  pan  of  the  balance  is  indicated  on  the  dial  face  directly  wi 
out  the  use  of  weights.  With  such  a  balance,  all  the  weighii 
necessary  for  1,200  or  1,500  analyses  per  day  could  probably 
made  by  two  assistants,  one  to  wipe  the  capsules  and  place  tb 
on  the  balance  pan,  and  the  other  to  read  and  record  the  weig! 
on  the  slips  accompanying  the  samples.  In  the  absence  c^  st 
a  balance  an  ordinary  chemical  balance  of  the  heavier  fori 
sensitive  to  one  centigram,  may  be  used.  The  use  of  a  one-gr 
rider  on  the  beam  in  the  place  of  the  ordinary  fractional  weig 
will  facilitate  the  weighing. 

Capsules. — When  large  numbers  of  samples  are  to  be  analy: 
in  a  very  short  time,  the  capsules  into  which  the  sample 
received  must  all  be  of  the  same  weight  or  tare.  This  can 
attained  by  using  metal  capsules  with  a  small  button  of  tin 
solder  attached  to  the  side  or  bottom.  By  filing  or  scratchi 
this  soft  button,  the  weight  of  the  capsule  can  be  changed 
will,  and  an  equal  tare  for  the  entire  set  be  obtained.  Alumin' 
is  a  very  desirable  metal  to  be  used  for  the  construction  of  th 
capsules,  since  it  affords  the  necessary  rigidity  and  at  the  sa 
time  the  very  desirable  feature  of  light  weight.  Capsules 
this  material  are  practically  indestructible  and  are  subject  to  01 
very  slight  changes  in  weight.  They  should  be  so  constmci 
as  to  have  a  capacity  of  about  100  cc.,  and  should  weigh  25  to 
grams.  A  shape  similar  to  that  of  the  ordinary  porcelain  cru 
ble  has  been  found  to  he  a  very  satisfactory  one  for  these  o 
sules.     They  may,  however,  be  made  with  straight  walls  ant 
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flat  bottom  with  rounded  comers/  The  .edge,  upon  which  the 
cover  is  to  be  placed  in  agitating  the  contents,  should  be  ground 
flat  and  may  be  reinforced  by  a  ring  of  thicker  metal  if  sufiicient 
rigidity  cannot  be  obtained  otherwise.  An  equal  number  of  lids 
which  will  fit  the  capsules  fairly  closely  should  be  provided,  in 
order  that  the  pulp  may  be  protected  from  evaporation  during 
the  time  which  elapses  between  the  boring  of  the  beet  and  the 
weighing  of  the  sample.  The  lid  should  be  removed  at  the 
instant  the  capsule  is  set  on  the  balance  pan,  so  that  the  pre- 
arranged tare  may  not  be  disturbed.  When  1,000  to  1,500 
analyses  per  day  are  to  be  made,  at  least  100  of  these  capsules 
should  be  provided. 

Burette. — A  100  cc.  burette,  preferably  one  graduated  in  tenths 
of  cubic  centimeters,  should  be  used .  One  graduated  in  fifths  may 
be  employed,  but  more  care  in  reading  is  then  necessary.  The 
burette  should  be  provided  with  an  overflow  at  the  zero 
mark'  so  that  it  will  fill  automatically  to  that  point  when  con- 
nected with  the  reservoir  containing  the  solution  to  be  added. 
The  manner  of  using  the  burette  has  been  indicated  in  describing 
the  details  of  the  method.  When  used  in  this  way,  any  desired 
volume  of  liquid  can  be  quickly  and  accurately  discharged. 

The  other  apparatus  necessary  is  identical  with  that  required 
by  any  other  method  of  analysis.  A  complete  list  of  such  apparatus 
has  been  published  in  Bulletin  No.  60  of  the  Nebraska  Experiment 
Station.  The  details  of  the  method  of  obtaining  the  sample  and  of 
labeling  the  beet  have  been  thoroughly  discussed  in  the  same  bulle- 
tin. 

THE  ANAI^YTICAL  OPERATION. 

The  details  of  the  analytical  operations  may  best  be  under- 
stood by  reference  to  the  following  figure,  which  represents 
a  laboratory  table  equipped  for  this  work.  This  table  should 
be  about  14  feet  in  length  and  3  feet  in  width.  This  size  of 
table  will  permit  independent  action  on  the  part  of  the  opera- 
tors, and  at  the  same  time  avoid  the  necessity  of  any  movement 
from  one  place  to  another. 

The  capsules  containing  the  samples  of  pulp  are  brought  from 
the  drill  and  placed  on  a  table  at  A.  The  first  assistant,  stationed 
at  B,  takes  one  of  the  capsules,  wipes  off  the  outside,  removes  the 

^  See  desic^  in  Spencer's  "  Hand-book  for  Chemists  of  Beet-Sugar  Houses",  p.  181. 
s  A  burette  similar  to  that  offered  by  Kaehler  and  Martini  (Catalogue  No.  2170)  has 
proved  to  be  satisfactory  for  this  purpose. 
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and  places  the  capsule  on  the  pan  of  the  balance.  Thi 
jher  C  notes  the  weight  indicated  by  the  balance.  Fron 
reference  table  at  his  right,  be  ascertains  the  volume  of  wate 
•e  added  to  this  weight  of  pulp  and  records  this  on  the  sli] 
impanyirg  the  sample.     He  then  passes  the  capsule  and  it 

on  to  his  right.     In  the   meantime,  B  has  prepared  anothe 


[13 


sule  and  placed  it  on  the  balance  pan.  The  operator  at  1 
a  takes  the  weighed  capsule,  reads  from  the  slip  accom 
lying  it  the  volume  to  be  added,  places  the  capsule  under  th 
omatic  burette,  and  adds  this  volume  of  liquid.  The  sam 
a  of  the  stop-cock  which  closes  the  discharge  connects  th 
ette  with  the  reservoir  and  it  is  immediately  filled,  ready  fo 
next  sample.  The  capsule  is  at  once  passed  on  to  the  assist 
at  E,  who  coversit  with  the  rubber  cap,  agitates  it  vigorousl 
a  few  seconds,  and  then  pours  the  contents  on  a  filter,  whic 
been  placed  in  a  stemless  funnel  in  proper  position  in  a  suga 
ker  by  the  wash-boy  stationed  at  J,  The  empty  capsule  i 
n  passed  across  the  table  to  the  wash-boy  at  K,  who  cleans  it 
dy  to  be  returned  to  the  drill  for  another  sample.  After  th 
■ation  is  complete,  the  assistent  at  G  pours  the  filtrate  into  th 
nel  of  the  observation  tube  of  the  polariscope,  places  th 
ompanying  slip  before  the  observer,  and  passes  the  funnel  am 
ker  across  the  table  to  the  wash-boy  at  J.  The  latter  clean 
I  dries  them  and  prepares  them  for  repeated  use.  The  obsei 
adjusts  the  polariscope,  and  while  he  is  reading  the  scale  am 
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recording  the  result  on  the  slip  before  him,  a  new  solution  is 
poured  into  the  observation  tube  by  the  assistant  at  G. 

The  process  is  thus  continuous  and  is  susceptible  of  great  speed 
of  manipulation.  In  case  the  ordinary  form  of  balance  is 
used  instead  of  the  automatic  balance,  a  larger  number  of 
balances  and  assistants  to  operate  them  is,  of  course,  necessary. 
By  making  the  table  wider,  another  row  of  operators  might  be 
stationed  on  the  opposite  side,  thus  doubling  the  working  capacity 
without  greatly  increasing  the  laboratory  space  necessary.  Care 
should  be  exercised  that  sufficient  space  for  the  sinks  and  for  the 
wash-boys  is  always  provided,  however,  since  the  proper  cleansing 
and  drying  of  the  apparatus  is  of  extreme   importance. 

APPLICATION     OF    THE    NEW    METHOD    TO    INDIRECT   OR    JUICE 

ANALYSES. 

Despite  the  statement  quoted  above,  that  the  indirect  method 
of  analysis  is  regarded  as  having  ''only  an  historic  interest'*  it  is 
still  in  very  general  use  in  this  country  as  a  means  of  determining 
the  value,  or  purchase  price,  of  sugar  beets  as  they  are  delivered 
at  the  factories.  It  affords  a  convenient  as  well  as  fairly  rapid 
and  fairly  accurate  method  of  determining  the  average  sugar  con- 
tent and  purity  coefficient  of  a  composite  sample  consisting  of 
quite  a  large  number  of  beets  of  varying  composition. 

Several  methods  of  obtaining  a  definite  weight  or  definite 
Tolume  of  juice  for  analysis  are  in  general-  use.  In  each  of  them 
the  tendency  of  the  somewhat  viscous  juice  to  retain  bubbles  of 
air,  bits  of  pulp,  etc. ,  introduces  more  or  less  of  inconvenience  or 
error.  The  most  accurate  method  for  obtaining  the  desired 
weight  of  juice  is  by  direct  weighing,  the  so-called  "  gravimetric 
method.'*  The  same  objections  which  were  mentioned  in  con- 
nection with  the  discussion  of  the  process  of  obtaining  a  definite 
weight  of  beet  pulp  are  equally  applicable  to  this  procedure.  It 
was  deemed  desirable,  therefore,  to  test  the  accuracy  of  the  new 
method  when  applied  to  the  analysis  of  the  juice  of  the  beet. 

For  the  purpose  of  calculating  the  volume  of  water  and  lead 
subacetate  solution  to  be  added,  a  water  factor  of  85  per  cent, 
was  adopted.  Eight  beets  of  different  physical  appearance  were 
selected,  and  the  juice  from  each  obtained  in  the  usual  manner. 
The  juice  was  thoroughly  mi^ed  to  insure  uniformity  ;  one 
sample  of  26.048  grams  was  weighed  out  and  analyzed  by  the 
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gravimetric  method,"  a  second  sample  was  meastired  in  : 
icrose  pipette  and  the  analysis  completed  as  usual,  and  a  thin 
unple  was  anal3rzed  by  the  new  method.  The  results  obtaine 
re  shown  in  the  following  table  : 


9-75  9-8  9.8 

13.8  13.8  I3,6s 

6.3S  6-4  6-3 

10-9  10-9 

9-35  9-35  9-35 

10.95  "o  10.95 

11.10  11.15  "-OS 

1355  13-65  13-*° 

These  few  results  are  sufficient  to  show  that  the  new  method  i 
pplicable  to  indirect  analysis.  In  point  of  accuracy  it  does  no 
ossess  any  great  advantage  over  the  sucrose  pipette  method  i 
he  latter  is  carefully  carried  out.  It  has  the  advantage  that  a 
pecially  constructed  apparatus  is  necessary  and  it  require 
lightly  less  time  for  its  manipulation  than  do  any  of  the  othe 
letbods. 
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HE  RATE  OF   NITRIFICATION  OF    SOME  FERTILIZERS 


THE  value  of  any  fertilizer  depends  on  its  availability  to  th 
plant,  that  is,  the  readiness  with  which  it  can  be  absorbe 
lirectly  by  the  plant,  or  converted  into  forms  which  can  be  assio 
lated.  Nitrogen  can  be  assimilated  by  plants  directly  in  foo 
orms;  viz.- — (i)  free  nitrogen;  (2)  as  certain  organic  compounds 
3)  as  ammonium  salts ;  (4)  as  nitrates. 

Free  nitrogen  can  be  assimilated  from  the  air  by  a  class  a 
ilants  with  the  aid  of  organisms  living  in  nodules  on  their  roots 
['his  method  of  assimilation  is  confined  to  the  leguminosae 
rhich  includes  clover,  peas,  beans,  the  peanut,  vetch,  etc. 

I  U«b1  water  ftctor  90  ptt  cei 
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Some  organic  compounds,  such  as  urea,  glycocoll,  leucin, 
tyrosin,  asparagin  and  acetamide,  may  be  taken  up  directly  by 
plants,  and  serve  to  nourish  them.  All  of  these  compounds  may 
occur  in  the  soil.  Urea  is  found  in  urine,  asparagin  in  plants,  and 
asparagin  and  t3rrosin  are  often  produced  by  the  decay  of  animal  or 
vegetable  matter  in  the  soil.  All  nitrogenous  organic  compounds 
applied  to  the  soil  change  to  nitrates  with  greater  or  less  rapidity, 
and  in  this  form  are  readily  taken  up  by  the  plant. 

Ammonium  salts  also  can  be  assimilated  by  plants.  German  mil- 
let, golden  millet,  watermelons,  corn,  common  sorrel,  and  other 
plants,  seem  to  be  able  to  assimilate  ammonium  salts  directly.  Am- 
monium salts  also  are  converted  to  nitrates  when  placed  in  the  soil. 

While  some  plants  can  assimilate  free  nitrogen,  others  organic 
compounds,  and  still  others  nitrogen  in  the  form  of  ammonia,  ni- 
trates appear  to  be  the  form  in  which  nitrogen  is  taken  up  with  the 
greatest  readiness  by  most  plants.  It  is  also  the  form  which  all 
nitrogen  compounds  finally  assume  when  placed  in  the  soil. 

When  combined  nitrogen,  in  whatever  form  of  combination,  is 
placed  in  the  soil,  it  is  converted  into  ammonium  salts,  nitrites, 
and  finally  nitrates,  with  greater  or  less  speed,  depending  on  the 
form  of  combination,  the  temperature,  condition  of  the  soil,  etc., 
prcndded  certain  living  organisms  are  present  (and  they  usually 
are).  If  in  any  given  soil,  we  determine  the  relative  rate  with 
which  nitrogenous  fertilizers  which  cannot  be  utilized  directly  by 
the  plant,  are  converted  into  nitrates,  it  should  throw  some  light 
ttpon  the  relative  values  to  plants  of  those  particular  fertilizers. 

This  is  the  object  of  the  work  which  will  be  described  in  the 
following  pages. 

HISTORICAL. 

Miintz  and  Girard*  have  determined  the  relative  rate  of  nitrifi- 
cation of  some  fertilizers.  A  small  quantity  of  the  fertilizer  was 
intimately  mixed  with  natural  soil,  and  kept  at  the  temperature 
of  i5°-25°  C,  properly  moistened,  and  at  the  end  of  a  given 
period  leached  with  water,  and  the  nitrate  determined  in  the  ex- 
tract. The  nitrate  existing  in  the  soil  at  the  beginning  of  the 
experiment  was  previously  determined.  The  time  was  30,  32, 
and  39  days  for  different  sets.  The  nitrogen  converted  into 
nitrates,  and  the  nitrogen  recovered  from  the  soil  by  horse-tooth 
com  in  two  years,  is  shown  in  the  following  table: 

^CaUral'Blaa  agr.  Ckem,,  ao,  656  (1891)  aba. 
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Nitrified  RMmrHBl 

In  30  dijrm.  by  com. 

Per  cent  Per  cent. 

lulphate 75.0  76.7 

>ried  blood 73.4  55.0 

toasted  horn,  fine 71.0  60. t 

^e^ll  meal 70.4  •  ■ .  - 

lorn  trimmingi,  fine 55.5  53.3 

•ondrette,  rather  coarte 18.I  14-9 

toasted  leather,  fioe 11.6  38.3 

^eather  chips,  rav 0,4  — 

Bother  series,  the  order  of  nitrification  was  as  follows:  Ba 
,  dried  grasshoppers,  dried  cockchafers,  flesh  meal,  drie 
(the  substance  nitrified  to  the  greatest  extent  being  givo 
There  is  very  little  difference  between  the  three  sub 
s  named  last.  The  nature  of  the  soil  has  a  great  influeno 
change.  Nitrification  was  most  active  in  a  light  soil  froK 
He  (used  in  the  experiment  referred  to  above),  then  in  ; 
1  soil,  then  in  a  chalky  soil,  then  in  a  marled  moor  soil 
ittle  nitrification  occurred  in  a  very  calcareous  clay,  ezcep 
ow  manure,  and  yellow  lupines,  which  loosened  their  tez 
ind  none  in  an  acid  moor  soil,  with  the  same  two  excep 

ton&me'  determined  the  nitrates  in  the  drainag;e  water  froD 
y  soil  deficient  in  lime  to  which  fertilizers  had  been  added 
rder  of  nitrification  at  the  end  of  the  first  month  was  foun 
—fish  guano  (most  rapid),  blood,  fertilizer,  oil  cake,  aa 
lium  sulphate.  When  calcium  carbonate  was  added,  nitri 
a  took  place  more  rapidly,  but  the  order  was  still  drie 
oil  cake,  ammonium  sulphate  (see  Table  I). 
Table  I. 
Nitrate  nitrogen  in  loo  grams  soil  (in  mg. ) 

One      Tiro       Three 
moDtb.  monthR.  months 

1 4.3        50        SO 

1  aud  ammonium  sulphate 23         39         35 

1  and  dried  blood 66  74         85 

1  and  oil  cake 59         83         95 

1  and  fish  guano 74  no  113 

1  and  calcium  carbonate 6.3         7.3        6.0 

1,  calcium  carbonate,  and  ammonium  sulphate  75  133  186 

I,  calcium  carbonate,  and  dried  hlood   123  151  159 

I,  calcium  carbonate,  and  oil  cake    97  139  137 

t/.  Sa.  Rtcord,  9,  73;  ftbi. 
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It  will  be  noted  that  where  calcium  carbonate  was  not  used, 
nitrates  were  formed  more  slowly  through  the  entire  period  from 
ammonium  sulphate  than  from  the  organic  substances  used. 
When  calcium  carbonate  was  added,  the  quantity  of  nitrates  pro- 
duced for  the  first  and  second  months  from  ammonium  sulphate 
was  smaller  than  from  the  organic  substances.  At  the  end  of 
the  third  month,  a  larger  quantity  of  nitrates  was  formed  from 
ammonium  sulphate  than  from  organic  materials. 

EXPERIMENTAL. 

Effect  of  Dilution  of  Sail. — ^The  effect  of  ratio  of  soil  to  fertilizer 
was  studied  in  some  preliminary  experiments.  3000  grams  of 
a  sandy  soil  from  a  pasture,  which  had  been  sifted  through  a  6- 
mesh  sieve,  was  mixed  well  with  the  quantity  of  dried  blood  con- 
taining i.o,  0.5,  0.25,  gram  nitrogen,  and  the  mixtures  placed  in 
a  dark  closet  for  fourteen  days.  They  were  watered  at  suitable 
intervals,  endeavoring  to  maintain  the  original  10  per  cent,  of 
water.  The  temperature  was  about  27*^  C.  The  nitrates  were 
leached  out  at  the  end  of  the  period,  and  their  quantity  deter- 
mined by  the  Tiemann-Schulze  method.     Results  are  given  in 

Table  II. 

Table  II. 

Nitrates.     Nitrified. 
Dilution.      Gram.        Per  cent. 

Soil. 0.0963  •  • .  • 

Soil  and  i .0  gram  nitrogen Vsooo  0.4564  36.0 

Soil  and  0.5  gram  nitrogen Veooo  ^- 3^^^  5^-3 

Soil,  0.5    gram    nitrogen,    and    1.785 

gram  calcium  carbonate 0.5043  81.6 

Soil  and  0.25  gram  nitrogen Viiooo  0.2354  55.6 

The  rapidity  of  the  nitrification  is  influenced  very  decidedly  by 
the  dilution,  and  increased  by  calcium  carbonate  from  100  to  156. 
Thirty  pounds  of  nitrogen  per  acre  is  a  liberal  application  for  a 
fertilizer.  Assuming  that  the  mean  weight  of  a  cubic  foot  of  soil 
is  80  pounds,  and  that  the  soil  is  cultivated  to  the  depth  of  6 
inches,  then  the  dilution  of  the  nitrogen  applied  as  a  fertilizer  is 
\my  which  is  much  greater  than  in  any  of  the  above  cases.  But 
it  must  be  remembered  that  a  fertilizer  is  never  mixed  intimately 
with  the  soil,  and  is  often  in  lumps,  so  that  the  actual  soil  surface 
in  contact  with  the  fertilizer  is  probably  much  less  than  Vi2ooo- 
This  would  be  partictdarly  true  with  materials  like  dried  blood, 
which  are  insoluble  in  water.     Soluble  fertilizers,  like  ammonium 
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late,  would  diffuse  until  they  become  fixed,  or  the  soil  watei 
mes  of  a  uniform  composition;  the  diffusion  of  salts  in  a  soil 
;  be  a  very  slow  process, 

RATE  OF  NITRIFICATION, 
le  experiments  to  determine  the  relative  rate  of  nitrificatioi 

carried  out  as  follows:  The  fertilizing  materials  n-ere  thoa 
out  by  trhe  referee  of  the  Association  of  Official  Agricultuia 
nists  for  1900,  to  test  the  methods  for  determining  the  avail 
ty  of  nitrogen.  A  sandy  clay  soil  from  a  pasture  was  siftet 
igh  a  coarse  sieve  (6  meshes  to  the  inchj,  and  a  quantit; 
aterial  equivalent  to  0.6  gram  nitrogen  was  intimately  mixei 

1000  grams  of  the  soil.  The  soil  was  then  placed  in  predpi 
g  jars,  and  kept  in  a  dark  closet,  enough  water  being  adde 
ise  the  percentage  from  6.3  to  11.6  per  cent.  At  snitabl 
kIs,  three  of  the  jars  were  weighed,  and  the  estimated  losso 
r  was  replaced  in  all  the  jars.  The  temperature  wa 
30°  C,  and  the  time  was  three  weeks.  When  calcium  car 
te  was  added,  the  amount  was  exactly  sufficient  to  combin 

the  nitrogen  of  the  fertilizer  if  the  entire  amount  were  con 
rd  to  nitric  acid.  At  the  end  of  the  experiment,  the  nitrate 
:  leached  out,  and  the  amount  determined  by  the  Tiemann 
ilze  method.  The  amount  of  nitrates  found  in  a  blanl 
riment  was  deducted  from  the  total.  The  results  are  give: 
ble  III. 

1  account  of  the  surprisingly  small  percentage  of  ammoniui 
late  nitrified  in  the  first  series,  the  experiments  with  cotton 

meal  and  ammonium  sulphate  were  repeated,  the  time  bein; 
ity-six  days,  the  temperature  33''-26''  C,  and  the  sampl 
tened  as  before.     The  soil  was  taken  from  the  same  pastui 

the  first  series,  but  differed  from  it  somewhat,  as  is  sboir 
le  fact  that  it  contained  o.  1641  gram  nitrogen  as  nitric  ad 
:ilogram,  whereas  the  former  contained  only  0.0595  gram. 

\.TB  OF  NITRIFICATION  AND  AVAILABILITY  OF  NITROGEN, 
e  have  selected,  and  give  below  (Table  III),  the  results  ol 
d  by  vegetation  tests  with  oats  and  Hungarian  grass  h 
ins  and  Britton'  and  those  obtained  by  Bizzell  in  the  labora 
of  this  Station  with  the  pepsin-hydrochloric  add  method 

•HJi.  Sialt  Slalioit  Report  1897.  jj?. 
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and  the  neutral  permanganate  method,  the  materials  being  those 
used  in  these  nitrification  experiments. 

Table  III. 

Rate  of  nitrification  Availability. 

-    .      _  '      Without  WithCaCOg.  Soluble       Vegetable 

benes  I.  Per  cent.  Rank.  Per  cent.  Rank.  KMn04.  Pepsin.  Test. 

Dried  blood 34.8  100  54.9  100  94.4  94.7     73.3 

Cottonseed  meal...  33.9  97  54.8  100'  91. i  91. i     64.8 

Dried  fish 30.3  87  46.5        85  88.7  67.3     63.9 

Tankage 26.2  75  34.8        63  88.3  56.4     49.4 

Batguano ..22.4  64  35.8  65  75.1  56.4 

Bone 18,9  54  16.6        30  64.2  92.3      16.7 

Bone  (six  weeks) ..  •  21.7  ..  17.4 

Ammonium  sulphate    1.3  4  31.  i  55  too  100 

Sodium  nitrate *.  .•  ..  100  100       100 

Series  n. 

Cottonseed  meal...  26.7 

Ammonium  sulphate  3.4  •.  32.6 

The  order  of  availability  as  determined  by  the  neutral  perman- 
ganate method,  and  by  the  vegetation  experiments,  is  the  order 
of  nitrification,  except  in  the  case  of  ammonium  sulphate.  The 
pepsin-hydrochloric  acid  method  places  bone  next  to  blood,  and 
above  cottonseed  meal,  where  it  does  not  belong. 

The  mechanical  condition  of  the  material  would,  of  course,  have 
great  effect  on  the  rate  of  nitrification.  It  is  quite  possible  that 
the  organic  fertilizers  contain  two  or  more  nitrogen  compounds  of 
different  degrees  of  susceptibility  to  the  nitrifying  organisms. 
Bone  was  nitrified  to  the  extent  of  18.9  per  cent,  in  three  weeks, 
and  only  21.7  per  cent,  in  six  weeks. 

EFFECT  OF  CALCIUM  CARBONATE. 

Taking  the  quantity  of  nitrates  formed  without  the  presence  of 
calcium  carbonate  as  100,  the  quantity  formed  with  it  present 
was,  with  dried  blood,  158;  cottonseed  meal,  162;  dried  fish,  153; 
tankage,  133;  bat  guano,  160;  bone  (three  weeks),  88;  bone  (six 
weeks),  80;  ammonium  sulphate,  2390;  ammonium  sulphate  (Se- 
ries II),  959.  This  effect  may  depend  on  the  quantity  of  bases 
present  in  the  material.  The  rate  of  nitrification  of  bone,  which 
contains  large  quantities  of  calcium  salts,  is  actually  decreased 
^y  the  addition  of  calcium  carbonate  while  that  of  ammonium 
sulphate  is  increased  enormously.     These  results  show  the  bene- 
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nfluence  of  lime  in  rendering  nitrogenous  fertilizers  avai 
and  explain  in  part  why  lime  is  so  beneficial  to  many  crop; 
en  ammonium  sulphate  is  used  as  a  fertilizer,  it  would  b 
.ble  to  add  calcium  carbonate  at  the  same  time,  in  man 


NITRIFICATION  OF  AMMONIUM  SULPHATE, 
regards  ammoni  im  sulphate,  in  a  soil  deficient  in  lime,  it : 
id  less  readily  than  any  other  of  the  fertilizing  materia! 
In  the  soil  to  which  calcium  carbonate  had  been  addec 
ite  of  its  nitrification  still  falls  below  that  of  cottonsee 
blood,  and  dried  fish,  and  was  in  one  series  less,  the  otht 
T,  than  tankage  and  bat  guano,  but  the  average  wasbekra 
lime's  experiments  ammonium  sulphate  was  nitrified  da 
e  first  and  second  months  less  rapidly  than  any  of  theotbi 
sing  materials  used  (blood,  oil  cake,  guano)  whether  caldni 
late  was  added  or  not.  On  the  contrary  the  experimeiits< 
L  and  Girard  (presumably  in  a  soil  containing  calcium  ca 
i)  place  ammonium  sulphate  at  the  head  of  all  the  fertili: 
aterials  tested  (blood,  fiesh  meal,  poudrette,  roasted  leathe 
r  chips), 

ire  are  three  possible  ways  to  accotmt  for  the  slow  rate  ( 
^tion  of  ammonium  sulphate. 

Ammonium  sulphate  may  hinder  the  action  of  the  nitrif; 
irganism.  The  soil  in  question  contained  2.5  gran 
nium  sulphate  dissolved  in  100  grams  soil  water.  It 
1  that  various  salts  will  retard  the  nitrifying  activity  of  tl 
isms  if  present  in  too  large  quantity.  Deherain  found  tbi 
on  salt  began  to  be  harmful  when  more  than  o.  i   per  ceD 

weight  of  the  soil  was  added,  and  with  larger  quantiti< 
:ation  almost  ceased.  Large  additions  of  sodium  nitral 
urease  the  rate  of  nitrification. 

s  explanation  will  not  account  for  the  beneficial  action  ( 
rn  carbonate,  for  if  double  decomposition  takes  place,  tt 
nium  carbonate  formed  is  more  of  a  hindrance  to  the  gem 
he  ammonium  sulphate. 

:  assumption  that  ammonium  sulphate  hinders  the  acttoD  < 
trifying  organism  would  explain  the  low  rate  of  nitrificatio 
monium  sulphate  that  we  have  obtained.  It  would  als 
n  the  results  of  Bonfime  (already  cited),  according  to  wbic 
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ammonium  sulphate  is  nitrified  very  slowly  indeed  the  first  and 
second  months,  and  very  rapidly  the  third.  In  direct  contradic- 
tion to  the  above  h3rpothesis,  however,  would  stand  the  experi- 
ments of  Miintz  and  Girard,  who  found  that,  in  thirty  days,  am- 
monium sulphate  was  nitrified  to  a  greater  extent  than  dried 
blood,  etc.,  and  those  of  Th.  Schloesing.*  The  latter  found  that 
at  the  end  of  fifty-six  days  ammonium  chloride  added  to  a  soil  at 
the  rate  of  3.58  grams  per  kilo  (1.8  grams  per  100  cc.  of  soil 
water)  was  almost  completely  nitrified,  and  the  same  occurred 
with  ammonium  sulphate  at  the  rate  of  2.7  grams  per  kilo  (1.4 
giams  per  100  cc.  soil  water)  in  twenty-two  days,  and  ammonium 
carbonate  at  the  rate  of  0.53  gram  ammonia  per  kilo  in  twenty- 
eight  days.       The  soil  contained  19.4  per  cent,  water. 

These  difficulties  might  be  explained  by  supposing  that  the  am- 
monium sulphate  affects  the  nitrifying  germs  less  in  some  soils 
than  in  others,  either  on  account  of  the  different  character  of  the 
soils  (power  of  fixing  ammonia,  etc.)  or  the  presence  of  different 
kinds  of  nitrifying  organisms. 

If  the  ammonium  sulphate  is  detrimental  to  the  nitrifying 
organisms,  the  same  kind  of  action  would  take  place  when  it  is 
used  as  a  fertilizer  though  perhaps  to  a  less  degree.  Each  lump 
of  the  salt  would  become  a  center  from  which  would  diffuse  a 
solution  of  ammonium  sulphate,  detrimental  to  the  nitrifying 
organisms.  The  time  required  for  this  unfavorable  condition  to 
disappear,  would  depend  on  the  rate  of  diffusion  of  the  salt,  soil 
moisture,  rainfall,  etc. 

2.  The  second  explanation  for  the  slow  rate  of  nitrification  of 
ammonium  sulphate  compared  with  the  other  materials,  is  that 
the  nitric  and  sulphuric  acids  formed  are  detrimental  to  the  nitri- 
fying organisms,  being  only  neutralized  in  part  by  the  bases  of 
the  soil.  When  calcium  carbonate  is  added,  it  neutralizes  the 
acids,  with  consequent  acceleration  of  the  change.  This  explana- 
tion is  probably  applicable,  but  does  not  explain  all  the  facts,  for 
if  so,  the  addition  of  calcium  carbonate  would  remove  the  unfa- 
vorable conditions,  and  place  ammonium  sulphate  at  the  head  of 
the  list,  which  it  does  not  do. 

3.  The  third  explanation  is,  that  different  soils  contain  differ- 
ent nitrifying  organisms,  some  ©f  which  convert  organic  matter 
directly  to  nitrites,   while   others  change   ammonium  salts   to 

1  Ctnirai'BlaU  agr.  Ckem.  19,  x  (1890)  abs. 
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ites  more  readily.  The  nitrites  are  then  converted  t 
ates.  In  soils  containing  the  first  kind  of  organisms,  and  fei 
the  second,  organic  matter  would  be  converted  to  nitrite 
:%  rapidly  than  ammonium  salts  would  be,  as  was  the  case  i 
experiments  of  Bonftme,  and  those  here  der-cribed.  Ill  st^ 
vhich  the  second  class  of  organisms  predominate,  ammoniui 
s  would  be  nitrified  more  rapidly  than  organic  compound! 
is  hypothesis  would  explain  all  the  experiments  here  cited, 
t  appears  very  probable  that  all  three  of  the  explanation 
sn  above  apply,  and  that  all  three  are  in  operation,  oneexer 
a  greater  influence  in  some  soils  than  others.  It  is  the  pin 
e  of  this  Station  to  continue  the  experiments  on  nitrificatioi 
h  a  view  to  test  all  the  problems  that  may  arise. 

CONCI.OSIONS. 

The  nitrification  of  blood  takes  place  more  rapidly  when  i 
lixed  with  a  large  quantity  of  soil,  than  with  a  small  quai 

.  The  order  of  nitrification  in  the  soil  used  was,  dried  bloo 
}st  nitrified),  dried  fish,  tankage,  bat  guano,  bone,  ammoniui 
shate.  Excluding  the  ammonium  sulphate,  this  is  the  ordc 
ivailability,  as  measured  by  vegetation  tests,  and  solubility  i 
assium  permanganate. 

When  calcium  carbonate  was  added  to  the  soil,  the  nitrifia 
was  greatly  accelerated,  and  the  order  became,  dried  blooc 
ionseed  meal,  dried  fish,  bat  guano,  tankage,  ammonium  sn 

!,  bone. 
When  ammonium  sulphate  is  used  as  a  fertilizer,  in  vaot 

it  would  be  advisable  to  add  calcium  carbonate  in  some  foti 

The  low  rate  of  nitrification  of  ammonium  sulphate  is  prot 
f  due  to  the  presence  of  organisms  which  nitrify  organic  con 
nds  in  preference  to  ammonium  salts.  The  pVesence  of  the  an 
lium  sulphate  may  also  hinder  the  activity  of  the  nitrifyin 
anisms.  The  acids  formed  may  also  be  a  hindrance  when  d 
;  is  present  to  neutralize  them.  All  three  of  these  cause 
I-  be  in  operation  at  the  same  time. 
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AN  ELECTRICALLY  HEATED  AND  ELECTRICALLY  CON- 
TROLLED THERMOSTAT. 

By  S.  W.  Young. 

Received  April  3.  tgoi. 

I  RECENTLY  found  myself,  on  account  of  a  very  irregular 
and  inferior  gas  supply,  forced  to  devise  some  other  means 
than  the  one  usually  employed,  for  heating  and  regulating  the 
thermostat.  After  a  few  preliminary  experiments  the  apparatus 
herein  described  was  developed,  and  has,  after  considerable  ex- 
perience, shown  itself  to  be  thoroughly  satisfactory, — in  many 
respects  more  satisfactory  than  the  usual  form  with  gas-heating. 

For  this  latter  reason  it  seemed  worth  while  to  publish  a  brief 
description  of  the  apparatus,  in  the  hope  that  use  might  be  made 
of  it  by  others.  As  will  be  readily  seen,  the  principle  allows  of 
very  ready  application  to  thermostats  for  biological  laboratories, 
such  as  are  used  for  the  purpose  of  maintaining  constant  temper- 
atures in  paraffin  baths  for  imbedding,  etc.,  and  for  incubators 
and  the  like.  Some  forms  of  the  apparatus  for  these  purposes 
are  being  tested  and,  if  successful,  will  perhaps  be  described  else- 
where, later. 

The  apparatus  consists  of  four  essential  parts  :  ( i )  the  bath 
(not shown  in  diagram);  (2)  the  heater;  (3)  the  interrupter; 
(4)  the  regulator. 

1.  The  Bath. — This  may  be  of  any  desired  form.  For  my  pur- 
poses, I  used  a  cylindrical  agate-ware  can  covered  with  felt.  The 
capacity  was  about  30  to  35  liters.  The  general  arrangement  of 
the  bath  is  identical  with  that  of  the  usual  Ostwald  thermostat 
and  needs  no  further  description. 

2.  The  Heater. — This  consists  of  a  square  board  of  convenient 
dimensions,  upon  which  near  the  center  are  screwed  two  or  more 
incandescent  light  receptacles,  which  are  wired  up  parallel,  as 
usual.  Surrounding  these  is  an  asbestos  box  open  at  top  and 
bottom,  which  serves  to  economize  heat.  For  heating  purposes 
incandescent  lamps  are  used  and  have  been  found  very  satisfac- 
tory for  low  temperatures,  although  it  may  be  questionable 
whether  they  would  prove  sufficiently  durable  at  higher  tempera- 
tures. Fpr  maintaining  my  30-liter  thermostat  at  25®  C,  I  have 
found  that  one  16  c.  p.   and  one  8  c.  p.    100  v.   lamp  acting 
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ether  were  wholly  sufficient.  The  four  uprights  at  the  cornj 
:he  base-board  serve  as  supports  for  the  bath. 
,.  The  Interrupter. — This  I  made  by  the  reconstruction  of 
sgraphic  sounder.  The  wiring  of  the  current  to  the  lamps 
arranged  that  when  the  armature  is  raised  the  current  pass 
ough  it  and  the  lamps  remain  lighted.  When  the  armature 
led  down  the  current  to  the  lamps  is  interrupted  at  P,  and  t 
its  go  out.  It  goes  without  saying  that  platinum  contacts  a 
ferable. 

.  The  Regulator. — This  is  a  modification  of  Ihe  ordinary  foi 
;he  gas  regulator.  The  principal  modification  lies  in  the  si 
e  S.  This  is  provided  with  a  piston  carrying  a  stout  iron 
tinum  wire  W.  In  filling  the  regulator,  it  is  so  arranged  ih 
whole  space  below  the  piston  is  filled  with  mercury  and 
er  of  mercury  is  placed  on  the  top  of  the  piston.  This  allon 
connection  between  the  mercury  of  the  regulator  and  t 
terycell;  (2)  it  allows  of  the  regulation  of  the  height  of  t 
rcury  in  the  capillary  tube  T,  by  raising  and  lowering  t 
:on.  In  this  way  the  regulator  can  be  set  for  any  desir 
iperature.  The  piston  may  be  made  of  a  piece  of  cork,  fa; 
d  to  the  wire  by  cement.  There  is  no  particular  difficulty 
king  such  a  piston  mercury-tight.  Finally  the  wire  R  is 
auged  that  it  can  be  placed  at  any  desired  height  in 
serves  to  complete  the  circuit  through  regulator,  battery,  a 
irrupter  when,  by  warming,  the  mercury  shall  have  risen  in 
mch  a  height  that  contact  is  made  with  R.  It  also  serves  i 
final,  exact  regulation  of  the  temperature. 
["he  action  of  the  whole  apparatus  is  then  as  follows :  T 
h  is  placed  over  the  heater  and  the  regulator  in  the  ba 
lich  must  naturally  be  mechanically  stirred);  the  current 
ned  on  through  the  lamps  which  warm  the  bath;  this  wanni: 
lands  the  mercury  and  toluene  in  the  regulator,  until  finallycc 
:  is  made  between  the  wire  R  and  the  mercury  iu  T;  thisclos 
circuit  through  the  battery  and  interrupter,  drawing  dm 
armature  of  the  latter  and  interrupting  the  current  throui 
lamps;  cooling  follows,  the  contact  between  the  mercury  a 
s  broken  and  the  current  again  made  through  the  lam] 
us  the  temperature  in  the  bath  is  maintained  constant  to  wit! 
ill  limits.  In  general  the  temperature  of  my  thermostat  ne^ 
ied  more  than  from  two-  to  three-huudredths  of  a  degree. 
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aking  special  precautions  (avoidance  of  draagbts,  etc.).  I  !»' 
)een  able  to  avoid  any  variation  greater  than  one-liuiidredi 
legree  for  over  four  hours.  Temperature  variations  were  noti 
vith  the  aid  of  a  Beckmann  thermometer. 

I  should  like  to  state  here  that,  from  my  experience  wi; 
hermostats,  I  have  been  convinced  that  the  fineness  of  the  Kg 
atioo  of  the  temperature  demands  not  so  much  sensitivenes 
.  e. ,  large  linear  motion  for  small  temperature  change  in  that  pa 
)f  the  regulator  where  the  cut-off  is,  but  rather  rapidity 
espouse  on  the  part  of  the  expansive  medium  to  temperatu 
;han£es.  In  the  ordinary  bulb  regulator,  the  lag  of  the  expa 
lion  and  contraction  of  the  toluene  is  the  most  fruitful  source 
variation,  when  the  sensitiveness  of  the  regulator  has  been  oth( 
vise  highly  developed.  This  defect  is  to  be  best  met,  not  I 
ncreasing  the  quantity  of  expansive  liquid,  but  by  distributii 
t  in  such  a  way  that  there  will  be  greater  surface  exposed  ;  i.  < 
n  annular  or  spiral  bulbs.  I  have  made  no  experiments  in  tl 
lirection  as  the  apparatus  above  described  was  wholly  suffide 
■or  my  purposes. 

Certain  modifications  of  the  above  apparatus  will  natural 
suggest  themselves,  such  as  use  of  platinum  wires  instead 
amps,  etc,  but  the  apparatus  as  described  has  worked  so  sat 
'actorily  that  I  have  let  well  enough  alone. 

Certain  advantages,  such  as  affording  no  danger  from  & 
;leanliness,  etc.,  need  not  be  enumerated  here. 


\  METHOD  FOR  THE  DETERMINATION  OF  THE  AVAIL 
BiLITY  OP  ORGANIC  NITROGEN  IN  COMMERCIAL 
FERTILIZERS. 

Bt  John  Phillips  Stbbbt. 

OF  the  three  essential  plant-food  elements,  nitrogen,  plii 
phoric  acid,  and  potash,  nitrogen  is  by  far  the  mostii 
portant,  not  only  because  it  is  the  most  expensive,  but  also  1 
::ause  it  is  the  chief  factor  from  a  fertilizing  standpoint  in  the  eai 
growth  of  the  plant.  The  nitrogen  of  sodium  nitrate  and  that 
immonium  sulphate,  on  account  of  their  solubility  in  water,  s 
^nown  to  be  readily  available  to  the  plant,  and  satisfactory' mel 
jds  for  their  detection  exist.  The  great  demand  for  nitr<^en 
the  farmers,  however,  and  the  desire  to  utilize  as  far  as  possil 
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•  all  by-products  have  led  fertilizer  manufacturers  to  search  for 
forms  of  organic  nitrogen  for  use  in  the  mixing  of  their  various 
brands.  Among  those  most  commonly  used  are  dried  blood, 
dried  fish,  castor  pomace,  hoof  meal,  ground  bone,  tankage,  cotton- 
seed meal,  and  linseed  meal.  Practical  experience  has  shown  all 
of  these  forms  of  organic  nitrogen  to  be  quite  available  to  •the 
plant,  and  has  marked  them  as  excellent  sources  of  plant  food. 
The  manufacturers,  however,  did  not  stop  with  the  use  of  these 
materials,  but  sought  still  others,  which  were  cheaper,  and  whose 
bulk  was  of  great  assistance  as  a  filler  in  their  fertilizers.  Such 
materials  as  garbage,  leather,  shoddy,  felt  waste,  and  hair,  came 
into  use,  and  while  their  employment  has  been  by  no  means  gen- 
eral, it  is  nevertheless  important  to  agricultural  chemists  that  they 
should  be  able  to  detect  these  materials  in  mixed  fertilizers,  for 
vegetation  tests  have  shown  them  to  be  either  entirely  worthless, 
or  at  any  rate  not  available  to  the  plant  until  after  a  compara- 
tively long  lapse  of  time. 

The  analyses  made  at  the  New  Jersey  Experiment  Station  dur- 
ing 1900,  showed  that  the  cost  per  pound  of  the  nitrogen  in  differ- 
ent organic  materials  was  as  follows  : 

Cents. 

Dried  blood 14.2 

Ehied  fish 13.7 

Cottonseed  meal 14.5 

Ground  bone 16.4 

Wool  waste 7.0  to  0.5 

Hair 5.1  to  4.6 

Leather 5.0 

The  present  laboratory  methods  do  not  determine  the  source  of 
the  organic  nitrogen  in  fertilizers,  and  it  is  evident  at  once  that 
the  manufacturer  using  wool  waste,  hair,  or  leather,  as  the  source 
of  his  nitrogen,  is  not  justified  in  charging  for  that  nitrogen  the 
same  price  that  he  would  be  warranted  in  charging  if  the  nitrogen 
of  blood,  fish,  bone,  or  cottonseed  meal  had  been  utilized  in  ma- 
lting his  fertilizers.  To  call  this  simply  total  nitrogen  is  manifestly 
unfair  to  the  honest  manufacturer,  and  at  the  same  time  misleads 
the  purchaser. 

At  both  the  Connecticut  and  New  Jersey  Experiment  Stations 
the  complete  fertilizers  analyzed  during  one  season  were  subjected 
to  digestiod  with  pepsin-hydrochloric  acid,  with  the  following 
results: 
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■  between  So  and  90 


18       "        60   * 
la       "       50   ' 


3  lietweeti  80  and  90 


3  under      40 

A  fertilizer  showing  60  per  cent,  of  its  organic  nitrogen  solubl 
n  pepsin  may  be  considered  3s  above  suspicion,  and  one  fallinj 
is  low  as  50  per  cent,  must  not  necessarily  be  condemned,  whil 
me  below  50  per  cent,  nust  be  regarded  as  suspicious.  Fromtbi 
ibove  table  it  will  be  seen  that  in  Connecticut  eight  samples,  or  < 
>er  cent.,  fall  in  the  suspicious  class,  and  in  New  Jersey  6,  or  ispe 
£nt.  These  results  show  that,  although  their  number  is  limited 
here  are  suspicious  fertilizers  on  tbe  market,  and  that  the  neces 
;ity  does  exist  for  an  accurate  method  to  determine  nitr<%ei 
ivailability. 

For  many  years,  therefore,  agricultural  chemists  have  employe* 
he  above -mentioned  pepsin-hydrochloric  acid  method,'  general); 
ised  in  biochemical  laboratories,  as  a  teat  of  the  availability  o 
trganic  nitrogen.  Vegetation  tests,  and  chemical  tests  by  thi 
nethod  on  the  same  materials  have  in  general  shown  close  agree 
nent  in  most  classes  of  organic  nitrogenous  compounds,  but  ex 
)eriments  at  the  Connecticut  and  New  Jersey  State  Experimen 
Stations  have  shown  that  for  certain  cesses  of  materials,  notabl; 
loof  meal,  it  gives  but  little  indication  of  their  value.  The  fol 
owing  tabulation  shows  some  comparative  results  obtained  by  thi 
vriter  on  certain  well-known  materials  : 

AvaiUbility  by 

VeB«t»tion  Pepsin, 
tests,                                digest  loo. 

Driedblood 68  68 

Dried  fish 66  51 

Hoof  meal 63  39 

Steamed  bone ■ 60  56 

Tankage 59  56 

Woolwaste 31  M 

Raw  leather 2  14 

A  comparison  of  these  results  shows  that  with'  the  exceptioi 
if  raw  leather,  the  pepsin  method  tends  to  give  lower  results  thai 
were  secured  by  the  vegetation  tests.     The  pepsin  results,  bow 

'  Report  of  Conn.  Eipt  Station,  1893,  J19. 
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«ver,  are  quite  satisfactory,  except  in  the  case  of  hoof  meal, 
where  the  pepsin  solubility  is  23  per  cent,  lower  than  by  the 
actual  culture  test. 

Not  only  is  the  pepsin-hydrochloric  add  method  unreliable  with 
certain  materials,  but  it  is  so  chronokleptic  that  its  use  is  almost 
impossible  in  the  average  agricultural  or  commercial  laboratory. 
The  putrefactive  method,  employed  in  several  laboratories,  is 
open  to  these  same  objections. 

While  the  writer  was  referee  on  nitrogen  for  the  Association  of 
OflSdal  Agricultural  Chemists  in  1895,  Mr.  S.  H.  T.  Hayes,  of 
Cornell  University,  submitted  to  him  a  paper  in  which  he  tested 
Tarious  methods  for  determining  availability,  including  fractional 
treatment  with  stdphuric  add,  digestion  in  a  saturated  solution 
of  barium  hydroxide,  and  digestion  in  alkaline,  add,  and  neutral 
solutions  of  potassium  permanganate.  The  results  obtained  by 
Hayes'  were  not  at  all  conclusive,  but  those  secured  by  the  per- 
manganate digestion  were  promising,  and  were  deemed  by  the 
writer  worthy  of  further  trial. 

DIGESTION  WITH   POTASSIUM  PERMANGANATE. 

The  method,  as  outlined  by  Hayes,  consists  in  treating  i  gpram 
of  the  material  in  a  500  cc.  flask  With  100  cc.  of  potassium  per- 
manganate solution,  containing  16  grams  potassium  permanganate 
and  200  grams  caustic  soda  per  liter.  Digest  at  a  low  temperature 
for  one  hour,  then  increase  the  temperature  and  distil  for  one 
hour,  and  titrate  as  u^ual.  For  the  acid  solution,  the  method 
consists  in  weighing  i  gram  of  material  into  a  500  cc.  flask,  add 
a  little  parafiBn  and  100  cc.  of  potassium  permanganate  solution 
(16  grams  potassium  permanganate  and  100  cc.  concentrated  sul- 
phuric add  to  the  liter) .  Connect  with  distilling  apparatus,  and 
heat  at  a  temperature  just  below  boiling  for  one  hour.  Then  add 
50  cc.  of  saturated  caustic  soda  solution,  distil  for  thirty  minutes, 
and  titrate  as  usual. 

After  making  a  number  of  tests,  it  was  evident  that  the  meth- 
ods, as  suggested,  were  difiBcult  to  control.  It  was  almost  im- 
possible to  carry  on  the  digestion  without  a  boiling  of  the  liquid, 
and  it  was  very  diflScult  to  maintain  uniform  conditions  in  two 
different  sets  of  tests.  Comparative  results  obtained  by  seven 
agricultural themists  working  indifferent  laboratories  showed  a 
wide  divergence,  and  it  was  believed  by  the  writer  that  this  was 

^  U.  8.  Dex*.  of  Agr.  Dept.  of  Chem.  Bull.,  47,  111-116. 
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e  more  to  this  inability  to  control  the  temperature,  and  keej 

e  conditions  uniform,  than  to  any  inherent  defect  io  the  prind- 

;  of  the  method  itself. 

It  also  seemed  that  the  great  variations  in  bulk  of  the  nitrogC' 

us  materials  examined  required  that  the  comparison  should  b« 

sed  on  the  same  quantity  of  organic  nitrogen  rather,  than  or 

ual  weights  of  materials.     With  these  ideas  in  mind,  thewritei 

vised  the  following  method  : 

Weigh  an  amount  of  the  material  equivalent  to  0.075  gram  ol 

trogen  into  a  500  cc.  Erleumeyer  flask,  add  100  cc.  of  neutral, 

5  per  cent,  potassium  permanganate  solution,  and  digest  on  i 
^m-bath  for  thirty  mtnuteSf  shaking  occasionally  to  moistei 
y  particles  of  the  material  adhering  to  the  sides  of  the  flask. 
Iter  and  wash  thoroughly,  using  from  125  to  150  cc.  of  water 
itermine  the  total  nitrogen  in  the  undigested  residue  by  th( 
dinary  Kjeldahl  method. 

Mr.  C.  H.  Jones^i^^eWfi^tetf  Experiment  Station,  ha- 
»  modified  Hay6^etho<^bv  uslfeap  amount  of  the  materia 
uivalent  to  o.cg^gram  of  orgaiug  ntfrWen  with  the  alkaliiu 
tassium  pernKUgaQwsARiJR.'^^  The  results  secured  by  thu 
:thod  have  onVhe  Thplrhnpn  irnrj'  ac^>table,  but  with  cotton 
id  meal,  a  mateNal  of  known ;uatu^^  fails  utterly  as  a  test  ol 
dlability.  "VS£S^2>^ 

To  test  the  method  suggested  by  myself,  I  have  examinet 
fhty-four  samples  of  organic  nitrogenous  matter,  representioi 
enty-eight  different  classes  of  fertilizing  material.  The  result 
11  be  found  in  the  table  below,  where  the  total  organic  nitro 
n  and  the  percentage  digestibility  in  potassium  permanganat< 
e  given. 

Availability  of  Obganic  Nitrogen. 

Organic  nitrogen.  Digesliblf. 

Dried  blood 13.41  95.6 


"  13-^  94.4 

"  13-73  94-3 

"  14-04  94-0 

"  "-63  9'.9 

"  "-39  9'-8 

"  '3-10  910 

'  U.  S.  D«pL  of  Agt.,  Div.  of  Cbem..  BuU.  57,  51. 
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OfK^nic  nitrojen.  DigeMible 

Dried  blood 13-41  89.8 

"     11.06  87.4 

Average ia.By  91.8 

Ground  horn 14-85  95.9 

Concentrated  tankage 11.13  93-7 

Ammonite 13.00  93.6 

Cracklings 13.21  93.5 

Hoof  meal 14.47  93>3 


Average 14.16 

Cwtor  pomace 6.11 

Peftnat  ptilp 8.51 

Dried  fish 8.78 


7.53 


9-53 
8.69 
7-39 
6.-81 
8.18 
8.83 
943 
4-57 
8.37 


Averse 7.48 

Tank^e 6.90 

•■         7-67 


84.7 
81.9 


7-75  8a.a 

S.13  81.1 

5.07  81.9 

8.44  81.4 

7.49  796 

6.8a  784 

5.07  74-7 

6-47  74.4 

6.86  70.1 

519  69.3 

6.96  65.8 
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Orgaolc  nUrogcn.  IHeeNible. 

Tankage 5.69  84.0 

-..      6.65  81.8 

567  79-8 

5-89  79-7 

5-34  79-7 

5-16  65.0 

Average 6.13  81.4 

Cottonseed  meal 7.33  79.6 

"             '■    6,74  78.6 

Average 7.04  79.1 

Linseed  meal 5.94  77,7 

Horse  meat 4.39  70.4 

Steamed  bone 2.78  87.0 

"      7.1$  84,8 

Button  bone 3.33  S4.0 

"    3-93  76.0 

Raw  bone 3.40  66.9 

"       "     4.13  66.3 

■'     4-05  66.J 

Bonesawings--  ■•- 3.85  77.6 

Softbone.-'- 3.37  71.6 

Dissolved  bone 1.95  61.7 

Wool  waste a.58  77.6 

"      'S*  7SJ 

"     3-51  75° 

Dissolved  tankage 5.03  63.9 

^■93  63.1 

King  crab 8.78  73.5 

" 9-ia  5*5 

Hair  manure 5.76  54.6 

Garbage  tertiliier 3.95  59.3 

3-30  44-1 

Burned  garbage 1.95  51,5 

Steamed  leather 6.87  39.5 

Treated  leathw 7.33  33,4 

Raw  leather 7.56  35.5 

These  results  are  remarkably  striking,  the  difference  in  t 
effect  of  the  permanganate  solution  in  the  various  ammooial 
being  very  noticeable.  The  percentage  digestibility  varies  frc 
95-9  percent,  in  horn  1025.5  percent,  in  raw  leather.  Theoti 
materials  range  in  availability  between  these  limits  in  the  appro] 

mate  order  vegetation  cultures  would  lead  one  to  expect.    T 
ground  horn  sample  is,   perhaps,  somewhat  above  the  average 
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that  material,  it  having  been  carefully  prepared  in  my  laboratory, 
and  being  nearly  five  years  old  and  in  a  pulverulent  condition. 
Of  the  six  classes  of  bone  examined,  steamed  bone  shows  the  high- 
est digestibility.  This  is  doubtless  due  to  the  fact  that  the  pro- 
cess of  steaming  had  in  a  large  measure  removed  the  fatty  matter; 
raw  bone,  in  which  much  fat  was  present,  is  nearly  20  per  cent, 
lower.  The  availability  of  the  dissolved  bone  is  slightly  below 
that  of  raw  bone,  seeming  to  indicate  that  the  treatment  with  sul- 
phuric add  had  little  favorable  effect  on  the  nitrogenous  matter  in 
the  bone ;  the  same  conditions  obtain  in  the  case  of  dissolved 
tankage,  which  shows  a  digestibility  18  per  cent,  lower  than  the 
untreated  tankage.  The  remaining  materials  occupy  about  the 
rank  agricultural  experience  would  assign  them. 

It  must  be  remembered  in  using  this  method,  that  the  figures 
obtained  are  relative,  not  absolute.  It  is  not  claimed  that  it 
shows  the  exact  amount  of  organic  nitrogen  available  to  the  plant, 
but  it  does  serve  as  a  means  of  distinguishing  high-class  from 
low-dass  ammoniates.  The  results  would  seem  to  indicate  that 
in  any  material  showing  by  this  method  a  digestibility  of  60  per 
cent.,  or  under,  the  nitrogen  was  obtained  from  an  inferior  source. 
It  certainly  could  not  have  been  obtained  from  blood,  hoof  meal, 
dried  fish,  tankage,  or  cottonseed  meal,  but  was  probably  furnished 
by  hair,  garbage,  leather,  or  some  very  inferior  bone. 

The  table  also  shows  the  variations  which  may  be  found  in 
working  with  materials  of  the  same  class,  and  indicates  that  the 
name  of  a  fertilizer  is  not  always  a  safe  guide  for  the  agricultural- 
ist. The  variations  are  particularly  striking  in  the  case  of  fish 
and  tankage,  where  the  digestibility  ranges  from  90.2  to  69.3  and 
91.5  to  65.0  per  cent.,  respectively.  These  variations  are  doubt- 
less due  to  the  var>'ing  amounts  of  fatty  material  in  these  prod- 
ucts, and  show  still  further  the  value  of  this  method  in  the  detec- 
tion of  such  conditions. 

Experiments  have  shown  that  this  method  is  equally  applicable 
to  complete  fertilizers,  the  only  variation  being  that  the  material 
is  washed  on  a  filter  with  cold  water,  prior  to  the  digestion,  to  re- 
move such  soluble  salts  as  might  interfere  with  the  subsequent 
action  of  the  permanganate. 

It  is  admitted  that  the  only  true  test  of  the  availability  of  any 
fertilizer  is  the  plant  itself,  but  it  is  manifest  that  this  method  of 
examination  is  not  open  to  all  analysts,  and  to  most  is  an  impossi- 
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I.  It  is  hoped,  therefore,  that  this  simple  method  may  be 
e  in  furnishing  chemists  with  a  means  of  determining  witt 
>nable  limits  the  relative  availabihty  of  the  various  nitrof 
.  materials  submitted  to  them  for  examination. 


AN  APPARATUS  FOR  DETERMININQ  FAT. 

Bv  H.  J.  Wheeler  and  B.  L,  Habtwell. 

HE  Knorr  apparatus'  for  the  extraction  of  fat,  which  wai 
great  improvement  over  preceding  forms,  enabled  one 
ease  with  the  ground -glass  and  cork  connections  formerly 
by  the  employment  of  a  mercury  seal. 
be  mercury  is  carried  in  a  channel  which  encircles  the  necli 
dask  at  the  base.  In  order  to  maintain  the  connection 
II)  the  Bask  and  the  glass  part  immediately  above  it,  the  t 
held  together  by  rubber  bands.  To  avoid  the  use  of  : 
Is  the  condensers  maj'  be  made  movable  so  they  can  be  1< 

sufficiently  to  connect  with  the  Sasks,  or  if  the  condens 
stationary  the  bath  which  supports  the  flasks  may  be  mi 
able.  In  many  instances,  particularly  in  the  case  of  battel 
}nsiderable  size,  neither  of  these  plans  is  convenient  aod 
best,  unless  great  care  is  exercised,  the  flasks  are  liable 
k  during  the  adjustment.  The  use  of  rubber  bands  is  i 
ifactorj'  owing  to  their  liability  to  slip  or  break, 

later  modiflcation  of  the  Knorr  flask  was  one  which  hai 
s  channel  attached  to  the  neck  of  the  flask  near  the  t 
i  modiflcation  enabled  one  to  reduce  the  quantity  of  ether! 
:o  collect  outside  of  the  neck,  but  the  flask  was  necessai 
ile  and  expensive.  The  apparatus  described  below  \ 
jned  to  remove  some  of  the  difficulties  connected  with  t 
sed  by  Knorr  and  to  accomplish  certain  other  desira 
cts.  The  improvements  attempted  may  be  summarized 
>ws  : 

The  use  of  a  simple  flask  which  can  be  readily  cleaned  i 
iced  at  small  expense. 

The  employment  of  a  rubber  cup  to  carry  the  reqnis 

lull,  j3,  U.  S.  Dfpl.  of  Agrieultute.  Div,  of  Chemistry  (1890),  p.  96. 
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aiDount  of  mercury  for  sealing,  and  at  the  same  time  bind  the 
flask  firmly  to  the  other  parts  of  the  apparatus. 

3.  The  reduction  to  a  minimum  of  the  amount  of  ether,  which 
can  collect  around  the  outside  of  the  neck  of  the  flask,  by  the 
ready  adjustment  of  the  cup  to  any  point  upon  the  neck. 

4.  The  bending  of  the  end  of  the  tube  from  which  the  liquid 
ether  drops  upon  the  substance  which  is  undergoing  extraction, 
so  that  the  ether  will  be  delivered  from  the  center  and  not  flow 
down  the  glass. 

5.  The  prolongation  of  the  tube  mentioned  in  (4)  so  that  it  may 
support  the  upper  ends  of  extraction  tubes  or  thimbles  of  differ- 
ent lengths. 

6.  The  collection  of  the  ether  in  one  receptacle  at  the  end  of 
the  extraction  wnthout  disconnecting  the  apparatus. 

7.  The  maintenance  of  the  ether  in  a  dry  condition. 

8.  The  loss  of  the  least  possible  amount  of  ether  vapor  during 
the  extraction  and  at  its  close. 

Below  is  given  a  description  of  an  appa- 
ratus designed  to  meet  the  conditions  just 
mentioned.  This  apparatus,  made  in  ac- 
cordance with  our  specifications  by  Richards 
&Co.,  of  New  York,  has  already  been  in 
successful  operation  at  considerable  inter- 
vals for  more  than  a  year  without  apparent 
depreciation  in  the  quality  of  the  rubber  cups 
and  without  the  breakage  of  an  extractor 
or  other  expensive  glass  parts. 

A.  A  plain  flask  of  50  to  60  cc.  capacity, 
having  a  straight  neck. 

B.  A  rubber  cup  channeled  to  carry  mer- 
cury for  sealing  the  connection  between  the 
flask  and  the  lower  portion  F  of  the  ex-  B 
tractor. 

C.  A  channel  for  mercury,  showing  the 
latter  forced  upward  by  the  glass  so  as  to 
cover  the  rubber,  at  the  same  time  sealing 
the  connection  between  the  neck  of  the  flask 
and  the  glass  extractor  which  passes  into 
the  rubber  cup  at  the  outer  margin  of  the 
channel.  fik.  1. 


.'  I 
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D.  A  small  (unael  to  condact  the  ether  and  dissolved  fat  in 
the  flask.  This  is  grooved  where  it  enters  the  neck  of  the  &ai 
so  that  the  small  amount  of  ether  which  accamtilates  betwei 
the  neck  and  the  extractor  may  flow  downward. 

Resting  npon  the  funnel  D  is  the  thimble  which  contains  t 
material  K  to  be  extracted.  The  bottom  of  this  thimble 
covered  with  fat-free  filter-paper  fastened  to  the  outside  of  t 
thimUe  by  means  «f  wire.  The  ends  of  the  wire  rest  upon  t 
edge  of  the  funnel  so  as  to  leave  space  for  the  passage  upward 
ether  vapor, 

L.  Fat-free  cotton  to  facilitate  the  distribution  of  the  ether 
the  beginning  of  or  during  the  extraction. 

M.  Ether,  which  is  maintained  above  the  substance  K 
considvable  quantity  during  most  of  the  period  of  extractii 
This  is  accomplished  by  raising  the  temperature  of  the  flask 
ao  that  the  ether  may  evaporate  as  rapidly  as  it  filters  into  I 
flask. 

E.  The  glass  extraction  tube  ot  thimble. 

F.  Walls  of  the  lower  portion  of  the  extractor. 

H.  The  lower  end  of  the  condensing  portion  of  the  extract 
perforated  at  G  to  permit  ether  vapor  to  pass  upward,  and  b 
at  an  angle  at  the  bottom  so  that  the  drops  of  liquid  ether  : 
delivered  at  the  center.  This  part  serves  as  a  support  for  i 
tbimble  and  is  made  sufllciently  long  to  permit  of  the  use 
'  thimbles  of  various  lengths. 

The  upper  condensing  portion  of  the  extractor  is  of  straij 
thin-walled  glass  and  sufficiently  long  to  insure  condensation 
the  ether  vapor. 

The  apparatus  may  be  used  singly  or  in  battery  form.  1 
outer  tubes  of  the  condensers  may  be  of  glass,  but  if  hot  watei 
used  in  them,  as  described  later,  they  should  be  made  of  met 
They  are  connected  with  the  inner  ones  by  means  of  rubl 
stoppers. 

The  rubber  cup  B  binds  the  flask  firmly  to  the  extractor, 
that  rubber  bands  or  devices  for  lowering  or  raising  the  be 
below  or  the  condensers  above  for  maintaining  the  connecti 
with  the  flask,  as  in  the  Knorr  apparatus,  are  rendered  unnec 
sary. 

The  cup  also  carries  continually  in  its  channel  a  proper  amot 
of  mercury  for  sealing. 
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Ling  and  discoDDecting  the  fiask  a  straight  cork 
side  of  the  Deck  of  the  flask  A  is  inserted  to  pre- 
g   from   falling   into  it   as  it  passes  through   the 


>ws  a  battery  of  extractors  so  arranged  that  the 
without  disconnecting  the  flasks,  be  distilled  at  the 
:traction  and  collected  practically  free  from  moisture. 
'  heat  for  all  the  operations  is  an  instantaneous  water 
1  somewhat  below  and  (to  avoid  danger  from  fire) 
the  battery. 

rHOUT  ARRANGEMEMT  FOR  RECOVERING  ETHER, 
ries  where  many  fat  determinations  are  made,  the 
:ors  in  battery  form  is  desirable.  If,  owing  to  the 
material  to  be  extracted,  the  amount  of  ether  neces- 
ered  too  small  to  render  its  recovery  unprofitable 
ng  necessary  is  that  required  to  conduct  water  to 
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Tom  condenser  B,  and  to  connect  the  instantaneous  wa 
:r  with  each  end  of  the  bath  E.  If  the  apparatus  is  used 
manner  the  condenser  A  may  be  omitted,  and  the  calci' 
ide  tube  R  attached  directly  to  the  right-hand  end  of  tube 
h  in  that  case  may  be  made  shorter  than  otherwise.  A  v 
ube  is  placed  on  the  end  of  the  calcium  chloride  tube  so  t' 
y  be  closed  by  means  of  a  pinch-cock. 
ter  beginning  the  extraction  the  end  of  the  calciupi  chlor 

is  kept  open  until  the  extractors  are  filled  with  ether  va 
1  it  is  closed  and  need  not  be  opened  again  during  the  en 
ition.     If  preferred,  an  automatic  valve  opening  by  press 

within  may  replace  the  rubber  tube  and  pinch-cock. 

BATTERY  COMPLETE  AS  SHOWN  IN  FIG.  2. 
r  the  recovery  of  the  ether  the  condenser  A  is  necessary ; 
additional  piping.  The  detailed  arrangement  of  the  pif 
be  determined  by  the  location  of  the  heater,  the  waste  pi 
water  supply  pipes  in  individual  laboratories. 
1  shown  in  Fig.  2,  cold  water  after  passing  condenser  A  fl< 
e  water  heater  and  thence  into  the  bath  E.  When  the  t 
X  filled  the  water  is  allowed  to  pass  through  the  condeo: 
the  waste  pipe  located  below  and  to  the  right  of  valve 
ng  the  extraction   a  continuous  circulation  is  maintai 

the  lower  right-hand  end  of  bath  E  to  the  water  hea 
whence  back  through  the  left-hand  end  of  the  bath.      At 

of  the  extraction  the  cold  water  passing  through  condei 
■ws  to  the  water  heater,  thence  to  the  left-hand  membei 
ry  B,  forcing  the  cold  water  out  underneath  bath  E 
paste  pipe.  As  soon  as  hot  water  appears  in  the  last  men 
.ttery  B  at  the  right,  the  current  is  diverted  into  bath  £ 
rize  the  ether  and  assist  in  driving  it  over  through  condei 
The  water-level  in  bath  E  in  the  meantime  is  controlled 
:  K  in  the  pipe  leading  from  the  bottom  of  the  bath  to 
s;  this  pipe  may  also  serve  to  siphon  the  water  from 

le  inner  tube  of  condenser  A  is  straight  and  small  enoug 
inside  of  tube  C  at  the  point  Q  where  the  latter  is  tui 
iward  to  meet  it.     This  connection  is  sealed  by  mercury 
the  case  of  the  flask  and  extractor  (Fig.  i). 
le  tips  of  the  inner  tubes  projecting  through  the  tops  of 
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metal  condensers  B  are  drawn  down  so  that  they  can  enter  the 
downward  projections  on  the  tube  C.  Short  pieces  of  heavy- 
walled  rubber  tubing  are  slipped  over  these,  and  over  the  pieces  of 
tubing  are  passed  bored  rubber  stoppers  which  clasp  them  and  the 
outside  of  the  downward  projections  of  tube  C.  The  stopper  pro- 
jects considerably  above  the  tubing  so  as  to  form  a  cup  (about 
the  tip)  which  holds  sufficient  mercury  to  produce  a  perfect  seal 
over  the  rubber  and  between  the  two  glass  parts. 

In  setting  up  the  apparatus  the  extractors  P  may  be  inserted  in 
the  condensers  B  before  the  latter  are  clamped  in  position. 

The  flask  F  is  connected  with  the  inner  tube  of  condenser  A  by 
an  ordinary  cork  coated  with  plaster  of  Paris.  The  only  vent  to 
the  apparatus  during  the  extraction  and  distillation  is  through  the 
calcium  chloride  tube  R  attached  to  flask  F  which  is  kept  closed 
the  entire  time  after  the  apparatus  has  first  been  charged  with 
ether  vapor.  By  this  arrangement  no  odor  of  ether  can  be 
detected  except  when  the  flasks  are  being  changed  and  for  a  few 
moments  after  the  extraction  begins.  After  removing  a  flask 
from  the  extractor  another  should  either  be  attached  immediately 
or  else  the  lower  end  of  the  extractor  closed  by  means  of  a 
stopper  to  prevent  unnecessary  escape  of  ether  vapor.  It  is  de- 
sirable to  insert  a  second  flask  at  once  in  order  that  oxidation  of 
the  mercury  by  exposure  to  the  air  may  be  avoided  as  far  as 
possible.  In  case  the  bath  E  is  full  of  water,  the  extraction  tube 
may  be  introduced  or  removed  from  the  extractor  without  wet- 
ting by  sliding  it  partially  into  a  test-tube. 

Rhode  Island  College  op  Agri- 
culture AXD  Mechanic  Arts. 
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Coi,I,EGE.] 

riETHOD    FOR  PREPARING    STRICTLY  TENTH-NORMAL, 
FIFTH-NORHAL,  ETC.,  HYDROCHLORIC 
OR  NITRIC  ACID. 

By  Richard  K.  Meade. 

Received  April  lO,  1901. 

IN  a  paper  before  the  Lehigh  Valley  Section  of  the  Society,^  the 
writer  described  a  method  for  preparing  strictly  normal,  semi- 
normal,  decinormal,  €tc.,  sulphuric  acid  by  decomposing  copper 
sulphate  with  the  electric  current.     Since  the  publication  of  this 

*  This  Journal,  33, 12. 


."  s 


i' 


RICHARD    K.    HSADE. 

le  following  method,  depending  primarily  upon  the  sam 
has  been  tried  and  found  successful,  for  preparing  one 
one- tenth  normal  hydrochloric  and  nitric  acid, 
ethod  of  procedure  in  making  tenth-normal  hydrochbri 
i  follows : 

grams  of  pure  crystallized  copper  sulphate  are  dissolve 
'..  of  distilled  water  in  a  lipped  beaker  capable  of  holdin; 
iter.  Into  this  solution,  after  cooling  if  necessary,  i 
id  a  cylinder  of  copper  foil  attached  to  the  negative  wir 
ctric  circuit,  and  a  platinum  rod  attached  to  the  positif 
oth  the  cylinder  and  rod  should  reach  to  the  bottom  c 
er.  The  copper  cylinder  is  made  from  copper  foil.  Th 
ed  foil  0,015  inch  thick  and  3  inches  wide.  The  foil  i 
required  length,  which  will  be  about  three  times  tli 
of  the  beaker  plus  i  inch  for  a  lap.  The  foil  is  curled  s 
ends  lap.  Holes  are  punched  through  the  two  thici 
foil  with  a  sharp  nail  and  wire  run  through  these  so  a 
the  two  ends  together.  The  beaker  is  covered  with 
ass  perforated  to  allow  the  rod  to  enter,  and  a  currentc 
to  one  and  a  half  amperes  passed  through  the  solution  fc 
to  eight  hours  or  all  nightif  thedecorapositionisbegu 
temoon.  At  the  expiration  of  this  time,  the  watch-glas 
sd  and  rinsed  off  together  with  the  cylinder  and  ro 
beaker.  The  solution  is  then  transferred  to  a  liler-gradi 
£  and  any  copper  that  may  have  dropped  o£E  the  cylindf 
beaker  is  well  washed  by  decantation,  rinsing  the  beakt 
me  time  into  the  flask.  Now  weigh,  accurately,  exactl 
rams  of  crystallized  barium  chloride  into  a  small  beakei 
in  water  and  pour  into  the  flask.  Dilute  the  latter  t 
:,  add  2,6  cc.  of  water  and  mix  well.  Allow  the  pn 
o  settle,  siphon  off  the  clear  liquid  through  a  dry  tub 
ry  filter  and  funnel,  and  catch  the  filtrate  in  a  dry  beakt 
bottle. 

ethod  depends  upon  the  decomposition  of  the  coppe 
solution  by  the  electric  current  into  copper  and  sulphuri 
pon  adding  barium  chloride  to  this  latter,  double  decon 
takes  place,  and  barium  sulphate  and  hydrochloric  ad 
id.  The  addition  of  the  2.6  cc,  of  water  after  the  sole 
been  made  up  to  the  mark,  is  to  correct  fcr  the  velum 
displaced  by  the  precipitate. 
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In  preparing  tenth-normal  nitric  acid  by  this  method,  the  only 
change  that  is  made  is  in  the  substitution  of  13.076  grams  of 
barium  nitrate  for  the  barium  chloride.  The  quantity  of  copper 
sulphate,  of  course,  remains  the  same. 

In  preparing  large  quantities  of  the  acid  it  would  probably  be 

simpler  to  pour  the  solution  into  a  stook-bottle,  provided  with  a 

spfaon,  immediately  after  adding  the  barium  chloride  or  nitrate, 

making  up  to  the  proper  volume  and  mixing.     The  solution  can 

then  be  drawn  off  for  use  as  wanted,   after  the  precipitate  has 

settled.    The  siphon  tube  must  not  reach  so  near  the  bottom  of 

the  bottle    as  to  stir  up  the  precipitate.     Graduated  flasks  as 

laige  as  two  liters  are  carried  in  stock  by  dealers  in  such  ware. 

^Iien  it  is   desirable    to  make    up   larger  quantities  of   acid, 

ungraduated  flasks  can   be  purchased,  holding  as  much  as  10 

or  12  liters.     Their  exact  volume  to  any  point  on  the  neck  can 

be  found  either  by  weighing  water  into  them  if   a  sufBciently 

large    delicate     balance    is   at  hand    or    even    by   measuring 

water  into  them ;  the  proper  amounts  of  copper  sulphate  and 

barium  chloride  or  nitrate  can  then  be  calculated  and  used  to  make 

tbis  volume.     In  calibrating  the  flask  by  measuring  water  into  it, 

;  it  must  be  borne  in  mind  that  the  ordinary  flask  is  graduated  to 

bold,  not  to  deliver,  the  given  volume.     To  find  the  volume  a 

given  flask  will  deliver,  weigh  into  it  say   100  grams  of  water 

from  a  weighing-bottle,  revolve  the  flask  so  as  to  wet  the  sides, 

,  then  pour  the  water  back  and  drain  the  flask  into  the  weighing- 

[  bottle  for  one  minute.     The  loss  in  weight,  on  again  weighing 

I  the  water,  may  be  taken  as  the  correction  to  be  subtracted  from 

the  volume  which  the  flask  is  graduated   to  contain  for   the 

volume  it  will  deliver.     This  method  will  be  sufiiciently  accurate 

for  the  present  purpose. 

I  have  prepared  only  tenth-normal  and  fifth-normal  acids  by 
this  method.  Probably  normal  acid  could  also  be  prepared 
though  the  waste,  due  to  the  solution  retained  in  the  precipitate, 
would,  of  course,  be  greater  owing  to  the  larger  volume  of  the 
latter. 

In  the  first  attempts  to  prepare  tenth-normal  acid  by  this 
method  the  barium  chloride  was  added  to  the  solution  after  the 
cyUnder  and  rod  had  been  removed  and  before  making  up  to  the 
liter.  The  solution  was  then  filtered  into  the  graduated  flask 
after  the  precipitate  had  settled,  and  the  latter  brought  upon  the 
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paper  and  washed  with  hot  water  until  the  mark  oi 
the  flask  was  reached.  The  solution  was  then  co 
up  to  the  liter.  The  solution,  on  testing,  however 
little  below  the  desired  strength,  due  no  doubt  to 
back  "  of  some  of  the  acid  by  the  precipitate.  Tl 
given  was  then  tried  and  gave  a  solution  of  the  i 
desired  with  much  less  labor  and  in  much  less  time 

Both  the  nitric  and  hydrochloric  acid  solutions  i 
follows : 

Fifty  cc.  of  the  acid  were  made  alkaline  with  an: 
to  boiling,  and  ammonium  oxalate  added.  No  prec 
in  any  case. 

Fifty  cc.  were  heated  to  boiling  and  barium  cl 
Only  a  very  slight  cloud  formed.  The  precipitate  ■ 
stand  over  night  in  a  warm  place,  filtered,  wa.shef 
weighed.     The  results  on  the  five  solutions  were  a; 

BbSO,  ID  H.SO,lo 

Socc.  50  ec. 

I         0.1  N  HCl 0.0004  0.00017 

3  O.INHCI 0.0008  O.OOOJ4 

3  0.2NHCI 0.0030  0.00116 

4  0.1  NHNOj O.0OI5  0.00105 

5  o.aNHNO,.-..   0.0038  0.00160 

Where  the  standard  hydrochloric  acid  is  intent 
determining  the  alkahne  earths,  it  would,  of  cours 
to  add  a  little  in  excess  of  12.215  grams  of  bariun 
theoretical  quantity  necessary  to  convert  the  sul] 
tenth-normal  hydrochloric  acid.  Indeed  it  would 
better  in  all  cases  to  add  a  slight  excess  of  the  salt 
of  it  in  the  solution  can  certainly,  in  most  cases,  di 

When  checked  against  nearly  tenth-normal  sodi 
solution  ( which  had  been  prepared  from  metallic  soc 
standardized,  and  kept  free  from  carbon  dioxide), 
phthaleiu  as  an  indicator,  the  results  showed  eacl 
pared  to  be  of  exact  strength,  as  the  following  will 

StBndard  acid    Standard  sodion 


ning  standan]  Kxlinm  hydroxide  to 


• 
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Standard  acid  Standard  sodium  BquiTalent  vol-    . 

taken  for  the  hydroxide  re-         ume  of  0.10  N 

test.  quired.                    NaOH. 

No.                 Solution.                            cc.  cc.                            cc. 

2  0.1NHCI lO.o  10.2  10.01 

lO.O  10.2  10.01 

20.0  20.4  20.02 

3  0.2  N  HCl lo.o  20.4  20.02 

lo.o  20.35  19-97 

20.0  4075  40.00 

4  o.iNHNO, lo.o  10.2  10.01 

lo.o  10.2  10.01 

20.0  20.4  20.02 

5  0.2  N  HNO, lo.o  20.4  20.02 

10.  o  20.4  20.02 

20.0  40.7  39.94 

20.0  40.75  40.00 

Easton,  Pa.,  April  i,  1901. 

[CONTRIBtrriON   FROM  THE  CHEMICAL   DIVISION,    U.  S.   DEPARTMENT  OF 
AGRICULTURE,  No.  40.— SENT  BY  H.  W.  WiLBY.] 

THE  COMPOSITION  OF  JBLLIES  AND  JAHS. 

By  L-  M.  TOLMAIT,  L.  S.  MUNSON,  AND  W.  D.  BlOBLOW. 

RecelTcd  May  3. 190s. 

AS  preliminary  to  the  examination  of  a  large  number  of 
samples  of  commercial  fruit  preserves,  it  was  thought 
desirable  to  have,  as  a  basis  of  comparison,  the  analyses  of  fruits 
and  fruit  products  of  known  origin,  as  the  work  with  this  class 
of  foods  has  been  largely  confined  to  the  detection  of  adultera- 
tions rather  than  to  the  proximate  analysis.  Accordingly,  such 
whole  fruits  as  were  to  be  obtained  were  purchased,  and  from 
these  the  juices,  jellies,  and  jams  were  prepared.  The  juices 
were  prepared  by  cooking  the  cleaned  fruit,  with  enough  water 
to  prevent  scorching,  till  it  became  soft,  and  straining  through  a 
jelly-bag.  In  the  preparation  of  the  jellies,  equal  parts  of  the 
strained  juice  and  cane-sugar  were  used  and  were  heated  to  the 
point  of  boiling,  which  required  about  twenty  minutes. 

With  the  jams  approximately  one  part  of  sugar  was  used  to 
two  parts  of  the  crushed  fruit,  heated  to  boiling,  and  this  tem- 
perature maintained  for  about  twenty  minutes.  In  all  cases  the 
original  fruit  and  sugar,  as  well  as  the  final  products,  were  weighed 
which  gave  a  basis  for  estimating  the  amount  of  added  cane- 
sogar  in  the  finished  product. 

It  is  to  be  regretted  that  the  fruits  selected  were  not  in  all 
cases  of  typical  composition.  This  is  especially  true  of  the  apples 
and  grapes.  This,  however,  will  not  lessen  their  value  for  study- 
mg  the  sugar  content.     In  comparing  the  composition  of  jellies 
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ams  with  that  of  the  juices  and  pulps  from  which  they  we 
ired,  allowance  must  be  made  for  the  changes  in  compositit 
ting  from  the  evaporation  of  water  and  the  loss  of  proteid  ai 
■  matter  in  the  scum  that  rises  in  the  process  of  preparatioi 

METHODS   OF  ANALYSIS. 

ith  the  juices  and  thoroughly  pulped  fruits  and  jam 
bed  amounts  were  taken  for  each  determination.  With  t1 
5,  it  was  found  more  convenient  to  dissolve  50  grams  of  tl 
rial  in  water  and  make  it  up  iu  volume  to  500  cc.  Tht 
ot  portions  were  taken  for  solids,  ash,  acids,  nitrogen,  ai 
:ing  sugars. 

ital  solids  were  determined  in  about  10  grams  of  the  juii 
:he  crushed  fruits,  and  about  5  grams  of  the  jellies  and  jam 
rying  in  large  flat-bottomed  platinum  dishes  at  a  temperatu 
»"  for  ten  to  twelve  hours.  The  writers  recognize  th 
ig  in  vacuo  at  a  low  temperature  is  preferable,   but  sin. 

would  be  impracticable  with  the  large  volume  of  woi 
3ed  with  commercial  products,  it  was  not  done  with  the 
lies.  Water  in  sufficient  quantity  to  make  thera  flow  readi 
mixed  with  the  portion  of  the  jams  and  crushed  fruit  tak< 
lie  determination  of  total  solids,  so  that  they  could  be  di 
ted  in  an  even  layer  over  the  bottom  of  the  dish. 
I  estimate  the  ash  the  residue  obtained  in  the  determinatic 
ital  solids  was  thoroughly  charred,  exhausted  with  wate 
□soluble  portion  washed  with  water  and  collected  00  a  filte 
filter-paper  and  contents  were  then  returned  to  the  dish  ai 
ed  to  whiteness,  the  soluble  ash,  and  a  few  drops  of  amm 
1  carbonate  solution  added,  and  the  whole  evaporated  to  dr 

heated  to  low  redness,  and  weighed. 

the  estimation  of  acidity  about  10  grams  were  dissolved 
water  and  diluted  to  about  400  cc.  with  recently  boiled  wate 
w  drops  of  phenolphthalein  solution  were  then  added  and  tl 
ure  titrated  with  a  decinormal  solution  of  potassiu 
oxide.  The  end  point  was  easily'  observed  even  in  high! 
ed  fruits.  Owing  to  the  dissimilarity  of  the  various  fnii 
eir  characteristic  acids,  it  is  found  advantageous  to  expre 
ty  in  terms  of  one  acid  instead  of  the  acid  characterist 
le  particular  fruit  which  is  supposed  to  be  present.  The  u: 
1  acid,  which  occurs  in  some  fruits  and  not  in  others, 
y  to  lead  to  confusion.    The  writers  prefer  the  custom  whit 
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in  many  laboratories  of  expressing  results  in  terms 
add  {H.SO,). 

iras  determined  by  the  Gunning  method  in  such  an 
laterial  as  would  give  about  2  grams  of  dry  matter 
It  multiplied  by  6,25  for  the  proteid  content, 
sugars  were  determined  by  the  regular  Allihn  method.* 
r  was  calculated  from  the  direct  and  invert  polariza> 
Clerget  formula 


'44—  - 


ms  were  made  upon  normal  weights  of  the  juices 
id  upon  half-normal  weights  of  the  jellies  and  jams, 
midt  and  Haensch  instrument,  using  a  200  mm.  tube, 
ere  calculated  to  normal  weights, 
known  the  sugars  of  the  fruJts  are  largely  reducing 
n  all  the  fruits  examined,  except  the  blackberry, 
was  found  in  varying  amounts.  In  the  orange, 
ineapple  it  was  in  excess  of  the  reducing  sugar, 
zation  of  the  Damson  plum  is  peculiar  in  that  the 
g  at  86°  is  positive,  indicating  an  excess  of  dex- 
i^ulose,  while  all  the  other  fruits  have  either  a  zero 
:  reading  at  this  temperature. 

sion  in  the  preparation  of  jams  and  jellies  of  the 
ugar  is  of  particular  interest.  As  might  be  expected 
r  inversion  varies  in  general  with  the  amount  of  free 
present,  and  with  the  length  of  the  time  the  product 
Still  the  different  fruit  adds  vary  widely  in  their 
ion  upon  cane-sugar  and  consequently  there  are  some 
options  to  the  general  rule  mentioned  above.  For 
crab  apple  jelly,  with  0.17  per  cent,  add,  58.8  per 
::ane-5Ugar  was  inverted,  while  with  the  orange  jelly 
add  content  only  4.9  per  cent,  was  inverted.  With 
e  jam  containing  0.69  per  cent,  add,  93.9  per  cent. 
T  was  inverted,  while  with  wild  fox  plum  containing 
nt.  add  only  53.4  was  inverted.  The  crab  apple 
e  jams  and  marmalades  showed  a  higher  per  cent,  of 
Lu  the  corresponding  jellies,  owing  to  the  fact  that 
ated  for  a  much  longer  time. 

Be».  U.  9.  Department  of  Agriculture,  Division  of  ChemiMty. 
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ON  THE  DETERMINATION   OF   HYDROOEN   IN  OAS  Ml 
TURES. 


BT  Fbancib  C.  Phillip! 


THE  Strongly  exothermic  character  of  the  reaction  invoh 
in  the  combustion  of  hydrogen  renders  it  possible  to  det 
mine  this  gas  by  oxidation  over  palladium  asbestos  without  i 
application  of  external  heat.  As  the  moisture  produced  in  i 
reaction  is  liable  to  condense  and  cause  the  palladium  to  beca 
wet,  it  is  usual  to  apply  heat  in  order  to  prevent  this  conden 
tion  and  to  insure  the  completeness  of  the  reaction.  Fort 
purpose  Winkler*  recommends  the  use  of  a  gas  flame  plai 
directly  below  the  palladium  asbestos  tube.  In  heating  ovc 
flame  the  obvious  danger  occurs  of  burning  hydrocarbons  ale 
with  the  hydrogen.  The  use  of  hot  water  as  a  source  of  h 
presents  the  advantage  that  the  temperature  of  the  palladiun 
prevented  from  rising  much  above  loo"  C,  provided  that  the  r 
of  passage  of  the  gas  through  the  palladium  asbestos  tube 
slow.  Still  it  is  somewhat  difficult  by  any  existing  device  to  f 
serve  a  constant  and  definite  temperature.  The  form  of  appa 
tus  described  below  has  proved  convenient  for  maintaining 
palladium  asbestos  at  the  temperature  of  boiling  water  for  a  per 
of  time  sufficient  for  the  performance  of  a  series  of  hydro) 
determinations. 

In  the  drawing,  which  represents  the  apparatus  in  section, 


is  a  brass  cylinder  30  cm.  long  and  18  cm.  wide.  It  is  open 
both  ends,  the  rims  being  strengthened  by  wires,  bi  is  a  ci 
shaped  vessel  18  cc.  deep  and  12  cc.  wide.  When  in  use  t 
inner  vessel  rests  upon  three  supports  which  are  riveted  to 

I  WiDkter  BDd  Lunse  :  "  Handbuch  of  Technical  □■>  Analyiii,"  iSSj,  p.  i^. 
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«  of  the  cylinder  a  a.  One  of  these  supports  is  shown 
pace  between  the  cup  and  the  cylinder  is  nearly  3  cm. 

cup  is  silvered  on  the  outside  and  the  cylinder  is 
both  sides.  Any  of  the  mixtures  which  are  sold  for 
rer  coating  to  brass  will  serve  for  the  purpose.'  The 
sbestos  is  introduced  into  the  middle  of  a  glass  tube 

and  about  3  mm.  in  internal  diameter.  The  tube  is 
nto  the  form  shown  in  the  sketch  and  the  U-shaped 
in  the  brass  cup,  which  is  then  filled  with  water.  A 
is  kept  burning  under  the  cup  and  the  water  main- 
emperature  approaching  the  boiling-point.  The  glass 
ning  the  palladium   asbestos    is   connected    at    one 

a  gas  burette  and  at  the  other  end  with  a 
Tette.      The  gas  in   which   the  hydrogen   is   to   be 

together  with  the  necessary  volume  of  air  having 
iced  into  the  burette,  and  the  water-levels  being  care- 
ed,  the  gas  is  caused  to  flow  slowly  through  the  pal- 
stos  tube  into  the  pipette,  and  back  again  to  the 
I  volume  of  the  hydrogen  being  ascertained  in  the 
sr.  The  polished  silver  surfaces  prevent  radiation  to 
ent  that  the  accuracy  of  the  gas  measurements  is  not 
the  close  proximity  of  the  measuring  apparatus  to  the 
:at. 

dium  asbestos  is  prepared  by  moistening  long-fibered 
th  palladium  chloride  solution  and  igniting  over  a 
□er  flame,  the  process  being  repeated  until  the  asbes- 

a  suflicient  quantity  of  the  reduced  metal  (about  6 

the  weight  of  the  original  asbestos  has  been  found  to 
lent  proportion).  The  deposition  of  the  palladium 
ily  on  the  surface  of  the  bundle  of  asbestos  fibers.  It 
:refore,  in  order  to  distribute  the  reduced  metal  as 
sssible  throughout  the  mass  of  the  asbestos,  to  roll  the 
'  a  glass  rod  on  a  glass  plate  once  or  twice  during  the 
Itemately  impregnating  with  palladium  chloride  and 
Vlinute  crusts  of  palladium  accumulated  upon  the  sur- 
asbestos  are  liable  to  glow  intensely,  even  when  the 

mixture  may  be  prepared  Bccordlng  to  the  following  formulfl  :  Dissolve  a 
aitTBlc.  ID  grmms  of  pocauium  cyanide,  and  0.5  grem  of  pota&slutn  tartrate 
CT.  Add  mfBdcat  French  ebalk  10  make  a  thin  paste.  Thii  mixture, 
rtlonbj  help  of  a  piece  ofCaoloo  flannel,  will  produce  a  highly  luatroua 
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tube  is  immersed  in  water,  duriog  the  passage  of  a  gas  contain 
hydrogen  and  oxygen,  and  by  so  doing  cause  a  partial  coml 
tion  of  any  hydrocarbons  that  may  be  present.  It  is  imporb 
therefore,  that  the  palladium  should  be  distributed  as  nnifon 
as  possible  throughout  the  asbestos.  As  a  result  of  the  igniti 
after  impregnation  with  palladium  chloride  solution,  the  asbei 
becomes  somewhat  more  rigid  and  the  bundle  of  fibers  ma} 
readily  pushed,  by  help  of  a  copper  wire,  far  into  the  nan 
glass  tube. 


[CONTRIBUTIOK   FROM  THE  SBEFFIBLD  LABORATORY  OF  VALE  Un 
VBR3ITY.] 

ON  THE  SEPARATION  OF  TUNOSTIC  AND  5ILICIC  ACII 

B-V  H.  I,,  WHLta  ABD  P.  J.  HRTIOSB. 

IN  a  recent  number  of  a  German  periodical'  appears  an  art 
by  Otto  Herting,  of  Philadelphia,  in  which  the  assertioi 
made  that  the  method  given  in  the  text-books  for  expell 
silica  from  tungstic  add  by  means  of  hydrofluoric  add  is  incom 
This  statement  is  made  on  the  ground  of  alleged  numerous  qu 
titative  experiments  with  mixtures  of  pure  tungstic  add  and  p 
ignited  silicic  add,  but  no  details  in  regard  to  the  results 
given.  Herting  believes  that  upon  ignition,  silidc  and  tung 
adds  form  a  silicotungstic  add  which  is  volatile  when  trea 
with  hydrofluoric  add,  and  finally  says  that  be  should  be  plea 
if,  by  means  of  his  artide,  he  should  bring  about  the  more  cs 
ful  study  of  the  "  action  of  hydrofluoric  add  upon  tungstic  a 
in  the  presence  of  silicic  add." 

Since  Herting's  statement  throws  doubt  upon  a  method  t 
is  generally  used,  we  have  undertalcen  an  examination  of 
matter.  For  this  purpose,  we  dissolved  some  of  Kahlbaui 
tungstic  add  iu  ammonia,  precipitated  with  nitric  add,  was! 
with  water  by  decantation,  digested  repeatedly  with  sulpht 
acid  of  sp.  gr.  t.378  to  separate  any  molybdic  add  that  mi) 
possibly  be  present,*  washed  the  residue  and  ignited  it.  1 
tungstic  acid  thus  prepared  was  used  for  the  experiments  tl 
follow. 

A  weighed  quantity  of  tungstic  add  in  a  platinum  crud 
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1  with  about  an  equal  quautity  of  pure  silica.  Th< 
ras  covered  with  dilute  sulphuric  acid,  a  liberal  amoun 
^drofluoric  acid  added,  the  liquid  carefully  evaporated 
"esidue  ignited  over  a  Bunseu  burner.  Then  anothe; 
silica  was  added  and  the  operation  repeated.  The  re 
bown  in  the  following  table  : 


TubbM"! 

trloi 

rid( 

found  If ttr 

Silka. 

Fir 

•t  opentio 

Second  operatic 

Grmm. 

o.» 

O.I917 

0.1  ga8 

0.3 

0.1097 

0.J096 

0.1 

o.ao99 

0.1100 

a  test  error  found  in  these  experiments  is  o.oooi  gran 
■how  that  the  process  is  perfectly  exact  under  tbea 

ixperiments  showed  that  long  ignition  of  the  niixe< 
nd  silicic  acids  over  the  Bunseu  burner  before  expelling 
add  had  absolutely  no  effect  upon  the  results.  It  wa: 
lat  in  the  absence  of  sulphuric  acid  a  loss  might  occu: 
atment  of  tungstic  acid  with  hydrofluoric  acid,  and  th< 
experiments  were  made  to  test  this  point,  no  sulphun< 
used ; 

Taken.  Tunvnen  tHoi- 

len  tHoxlde.  Silica.  Ide  lonnd. 

0.1983  o.a  0.1983 

0.1I03  0.3  O.3I0O 

0.3106  0.3  O.IIOJ 

0.1996  o.a  0.1994 

:  experiments,  the  greatest  error,  0.0003  gram,  is  wel 
sonable  limits  ;  hence,  it  is  evident  that  the  absence  o 
add  has  no  effect.  It  is  to  be  noticed  that  in  thes> 
the  tungstic  add  was  ignited  by  the  Bunsen  flame  only 
m  should  be  called  to  the  fact  that  tungstic  add  mus 
ited  by  means  of  the  blast-lamp,  since  at  the  tempera 
produced,  it  volatilizes  to  a  considerable  extent.  Thi 
eference  do  not  give  proper  warning  in  regard  to  thi 
The  following  table  gives  the  results  of  a  series  o 
its  made  by  beating  some  of  the  substance  (whicl 
0  loss  of  weight  over  the  Bunsen  burner)  over  the  blast 
platinum  crudble : 
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Weight  of  tangncD 

Irioiide.  Low. 

Oram.  Gnm. 

Taken 0.3007  

"     o.a93«  0.0019 

0.3961  0.0016 

0.3946  0.0016 

"        "     "         "  "     o-agja  0.0014 

' "  "     0.1914  0.0008 

"     "         "  "     0.3916  0.0008 

"        '•     "         "  "     o.aooC  o.ooio 

"        "  five       "  "     0.3871  0.0034 

Total  loss..--  0.0135 
i.11  the  ignitions  except  the  last  were  made  with  a  lamp  p 
ed  with  a  water-blast,  which  gave  a  flame  of  only  moden 
ver.  The  last  ignition  was  made  with  a  lamp  connected  w 
X)t  bellows,  which  gave  a  considerably  higher  temperatu 
is  noticeable  that  the  losses  show  a  tendency  to  diminish  af 
;  first  ignition,  but  this  is  probably  due  to  a  change  in  I 
^sical  condition  of  the  oxide  rather  than  to  the  removal 
ae  more  volatile  substance.  It  is  hardly  possible  that  c 
efully  purified  tungstic  add,  which  showed  no  loss  wh 
ited  with  a  good  Bunsen  burner,  could  contain  an  amount 
lybdic  acid  or  other  volatile  substance  sufficient  to  give  the 
ts  that  have  been  obtained.  The  loss  shown  in  the  table  abo 
ounts  to  nearly  5  per  cent. ,  while  inan  other  experiment  o.  19 
im  of  tungstic  acid  lost  over  7  per  cent,  after  beating  with  t 
st-lamp  for  twenty  minutes.  It  should  be  stated  that  t 
tiuum  crucible  in  which  these  ignitions  were  made  showed  : 
i  in  weight  after  it  bad  been  cleaned. 

Ve  have  shown  that  Herting's  criticism  of  the  usual  meth 
separating  silicic  and  tungstic  adds  is  without  foundatic 
1  it  appears  probable  that  bis  difGculties  were  due  to  tgnitii 
igstic  add  at  a  too  elevated  temperature. 


POTASSlUn  PERSELENATE'— PRELiniNARY  NOTE. 

Bv  L.  M,  Dbkhis  abd  O.  W.  Bkowh. 

lOTASSIUM   perselenate  was  prepared  by   the  electrolys 

of  a  saturated  solution  of  potassium  selenate  containing 

le  free  selenic  acid.     This  solutiou  was  placed  iu  a  150  c 

Tb«  fiperimentAl  work  herein  described  was  performed  by  Mr.  Biowa  in  1 
Dg  of  iS^e.  It  tias  been  itnpoMible  lo  resume  the  work  until  recently,  but  [t  ii  taoi 
the  Invcnigation  Duy  soon  be  carried  to  completion. 
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:he  anode,  a  platinum  plate  of  about  15  sq.  cm.  snr- 
Toduced  into  it.  The  cathode,  a  piece  of  platinum 
itained  in  a  small  porous  cup  of  about  75  cc.  capacity 
iispended  in  the  solution.  This  porous  cup  was  filled 
i  solution  of  selenic  acid.  The  beaker  was  placed  in 
lixture  and  a  current  varying  from  a. 5  to  3  amperes 
;hrough  the  solution.  The  temperature  in  the  outer 
I  about  4"  C. 

action  of  the  current  had  continued  for  some  hours, 
itance  began  to  appear  in  the  neighborhood  of  the 
irmation  being  accompanied  by  an  increase  in  the 
'  the  cell.  After  considerable  of  the  solid  had  sepa- 
'ocess  was  interrupted,  the  solution  in  the  beakerwas 
id  the  substance  dried  on  a  porous  plate.  It  was 
in  a  desiccator  containing  phosphorus  pentoxide, 
i  placed  upon  ice. 

lete  analysis  of  the  substance  was  not  made  at  the 
rely  the  available  oxygen  was  determined,  this  being 
y  adding  oxalic  acid  in  excess  and  determining  the 
neans  of  potassium  permanganate,  and  second,  by 
onium  ferrous  sulphate  in  excess  and  titrating  this 
t  same  manner. 

methods  gave  agreeing  results,  for  when  used  on  a 
itassium  selenate  containing  a  small  amount  of  per- 
alic  acid  and  potassium  permanganate  showed  3.41 
KSeO,,  while  theammonium  ferrous  sulphate  method 
:r  cent. 

I  perselenate  was  not  obtained  free  from  selenate,  the 
entage  of  perselenate  in  the  product  being  74.44. 
I  perselenate,  when  hot,  oxidizes  manganese  dioxide  to 
ermanganate,  quickly  oxidizes  ferrous  sulphate  in  the 
Its  similarly  upon  thallous  sulphate.  An  aqueous 
he  salt  gives  off  oxygen  when  warmed. 


NOTES. 

•ds  of  Sugar  Analysis. — In  the  March  number  of  the 
he  American  Chemical  Society  there  is  published  a 
ofessor  H.  W.  Wiley  on  "  The  Fourth  International 


Congress  of  Applied  Chemistry,"  which,  it  appears,  was  rea 
before  the  Northeastern  Section  of  the  American  Chemio 
Society,  January  17,  1901. 

In  that  article  (on  page  188)  Professor  Wiley  refers  to  son 
of  the  topics  which  engaged  the  attention  of  the  "  Intemation 
Committee  on  Unification  of  Methods  of  Sugar  Analysis." 

Professor  Wiley  writes ;  "  In  the  meeting  of  this  conunltte 
the  data  relating  to  the  influence  of  temperature  on  polarizatioi 
were  presented  at  length  by  M.  Wiley  of  the  United  States,  ai 
M.  Brodhun,  of  Germany.  The  only  advocate  of  the  stabilil 
of  specific  rotation,  independent  of  temperature,  was  M.  Wiec 
mann  of  the  United  States.  The  opinions  of  the  majority  we 
embodied  in  a  resolution  which  finally  passed  the  Intematioti 
Committee  without  a  dissenting  vote.  This  resolution  was 
the  effect". .  .(For  wording  of  this  resolution,  see  this  JouniE 
Vol.  23,  page  62).  Professor  ■  Wiley  continues :  "Theinfl 
ence  of  temperature  on  specific  rotation  has  now  been 
thoroughly  worked  out  that  we  may  say  without  hesitation  tb 
the  points  established  by  Andrews  eleven  years  ago,  are  m 
fully  accepted  by  practically  all  the  investigators  of  the  world 

These  statements  tend  to  give  to  one  not  familiar  with  tj 
facts,  the  impression  that  the  majority  of  the  members  prese 
indorsed  the  opinion,  that  the  specific  rotatory  power  of  sucro 
is  affected  by  changes  in  temperature. 

As  a  matter  of  fact  the  International  Committee  studious 
avoided  any  expression  of  opinion  on  this  question  which  h 
been  a  prominent  topic  of  discussion  between  Professor  Wil 
and  myself  that  day,  before  this  body. 

It  was  for  this  very  reason  that  Professor  Wiley's  resolutio 
that  his  method  of  correcting  polarization  readings  for  the  infl 
ence  of  temperature  be  adopted,  was  not  accepted  by  the  coi 
mittee.  Instead  of  this,  the  resolution  offered  by  Mr.  Sachs  ai 
cited  above,  was  unanimously  adopted. 

An  amendment  which,  Professor  Wiley  suggested,  Mr.  Sac 
should  include  in  his  resolution,  and  which  amendment  woti 
practically  have  allowed  the  use  of  Professor  Wiley's  method 
temperature  correction  as  an  alternate  method,  was  declined  1 
Mr.  Sachs. 

This  Interuational  Committee,  which  numbers  among  itsmei 
bers  some  of  the  most  eminent  sugar  chemists  of  Europe,  ther 
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ly  did  not  endorse  Professor  Wiley's  method  of 
ctors,  which  takes  into  account  an  alleged  influence 
ire  00  the  specific  rotation  of  sucrose, 
ilone  would  seem  to  cast  serious  doubt  on  the  valid- 
inion  hazarded,  "  without  hesitation,  "  by  Professor 
t  the  points  established  by  Andrews  eleven  years  ago, 
f  accepted  by  practically  all  the  investigators  of  the 

F.    G.    WlECHMANN, 

Secretary.  The  International  Committee,  etc. 


BOOKS  RECEIVED. 


il  Analyai*  of  Iron.  A  complete  account  of  all  the  best  known 
iie  analysis  of  iron,  steel,  pig-iron,  iron  ore,  limestone,  slag, 
1,  coke,  and  furnace  and  producer  gases.  By  Andrew  Alex- 
Fourth  Edition.  Philadelphia:).  B,  LippincottCo.  1901. 
,»4oo. 

.um  of  Gold  Metallurgy  and  Digest  of  U.  S.  Mining  Laws, 
ind  Desert  Land  Laws,  by  E.  M.  andM.  L.  Wade,  115;^  North 
Angeles,  Cal.     [40  pp. 

and  Medicinal  Cattle  and  Poultry  Foods,  Bulletin  ij3.  Feb- 
[lonnecticut  Agricultural  Experiment  Stations,  New  Haven, 

iulietin  No.  70.  November,  1900.  33  pp.  Poultry  Experi- 
in  No.  71.  December,  igoo.  aopp.  Commercial  Fertilizers. 
I.  January  I,  1901.  33  pp.  West  Virginia  University  Agri- 
iment  Station,  Morgantown,  W.  Va. 

er  Plant:  Its  Cultivation,   Composition,  and  Uses.     By  Hai- 
Bulletin  No.  60,  U.  S.  Department  of  Agriculture,   Division 
Washington.  D.  C.     3a  pp. 

iws  of  European  Countries,  affecting  American  Exports.  Pre- 
Jie  direcUon  of  H.  W.  Wiley,  by  W.  D.  Bigelow.     Bulletin 
department  of  Agriculture,  Washington,  D.  C.     39  pp. 
.  on  the  Effect  of  Muscular  Work  upon  the  Digestibility  of 
Metabolism  of  Nitrogen,  conducted  at  the  University  of  Ten- 
1899.     By  Cbaa.  E.  Wait,     Bulletin  No.  89,  U.  S.  Department 
Office  of  Experiment  Stations.  Washington,  D.  C.     77  pp. 
on  Food  Products,  for  1900.     December,  1900.     61  pp.     Fer* 
1  and  Analyses  of  Iron  Ores.     January,  1901.     33  pp.     Analy- 
rs.     February,  1901.     24  pp.     North  Carolina  State  Board  of 
aleigh,  N,  C. 
e  Connecticut  Agricultural  Experiment   Station  for  the  Year 


BOOES  SECBIVBD. 

g  October  31,  1900.    Part  II.    Food  Product!.    Connecticut  Agii 

Eiperimeiit  Station,  Neir  Haven,  Conn.    218  pp. 

k,  1900.    Bulletin  No.  74,  Laborstorf  of  the  Inland  Revenue  Dep 

,  Ottawa,  Canada.     13  pp. 

Ephemeris  of  Materia  Medica,  Pbarmacy,  Therapendcs,  and  Col 

nformation.    Vol.  VI,  No.  3.   January,  1901.  Brooklyn,  N.  Y.  136 

trition  InvestigationB  at  the  Univeraity  of  Illinois,  North  Dakota  A 

ral  College,  and  Lake  Erie  College,  Ohio,  1896  to  1900.     Bulletin 

.  S.  Department  of  Agriculture,  Office  of  Eiperiment  Stations,  Wi 

n,  D.  C.  igro.     4a  pp. 

Manual  of  Laboratory   Physics.     By  H.   M.  Tory,  M.A.,  and  P. 

lier,   M.Sc.    New   Vork  :  John  Wiley  &  Sons.     1901 .    ix  +  388  pa, 

,,  I2.00. 

e  Soy  Bean  as  a  Forage  and  Seed  Crop.     By  C.  S.  Phelps.    Bull 

■.1,  Storrs  Agricultural  Experiment  Station,  Storra,  Conn.     lopp. 

periments  arranged  for  Students  in  General  Chemistry.     By  Eisfl 

a  and  Harry  F.  Keller.     Fourth  Edition,  enlarged,  1 

,     Philadelphia  :  P.  Blakiaton's  Son  S:  Co.  1900.     8S  pi 

e  American  Vear-Book  of  Medicine  and  Surgery,  being 

entific  progress  and  authoritative  opinion  in  all  brand 

iurgery,  drawn  from  joumala,  monographs,  and  text-be 

imerican  and  foreign  authors  and  investigators.       Ui 

rial   charge  of  George  M.  Gould,  M.D.     Vol.  I,  Medi 

and  London  :  W.  B.  Saunders  &  Co.  1901.     681  pp.    CI 

ceo,  13-75- 


Vol.  XXIII. 


No.  6. 


THE  JOURNAL 


OF  THE 


AMERICAN  CHEMICAL  SOCIETY. 


CAMPHOROXALIC  ACID  DERIVATIVES.     VI. 

Bt  J.  Bishop  Tingle. 
Received  November  lo,  1900. 

INTRODUCTION. 

IN  the  course  of  an  investigation  of  the  action  of  ethereal  oxalates 
on  aliphatic  ketones,^  it  was  found  that  the  impure  sodium 
camphor,  obtained  by  the  action  of  one  atomic  proportion  of 
sodium  on  camphor,  in  boiling  toluene  solution,  condenses  with 
ethylic  oxalate.  The  yield  was  extremely  poor.  At  that  time, 
the  question  of  the  presence  in  the  camphor  molecule  of  the 
group  — CHj.CO —  was  an  open  one,  and  the  first  conclusive 
and  direct  proof  of  its  occurrence  was  afiForded  by  this  work. 
Apart  from  the  special  interest  which  the  subject  thus  acquired, 
it  possessed  other  more  general  ones ;  hence,  the  investigation  of 
the  above  condensation  product,  termed  ethylic  camphoroxalate, 
was  continued  at  the  Heriot-Watt  College,  Edinburgh. 

The  yield  was  improved  materially  and  a  number  of  derivatives 
prepared  and  studied.  Pressure  of  other  work  caused  the  sus- 
pension of  the  research  until  1897.  During  this  interval,  the 
point  alluded  to  above,  regarding  the  constitution  of  camphor, 
was  generally  recognized  as  settled,  but  other  questions  had 
arisen  that  appeared  to  make  the  extended  investigation  of  cam- 
phoroxalic  add  desirable.  One  of  these  concerned  the  true  con- 
stitution of  **diketones,"  of  which  ethylic  camphoroxalate  may  be 
taken  as  an  example  :  were  they  to  be  regarded  as  unsaturated 

I  Inangaral  DiMerUtion.,  Munich  University,  1889,  p.  34. 
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keto-alcohols  or  as  true  diketoues?  From  the  almost  neu 
character  of  the  camphor  nucleus,  and  its  relatively  large  m 
camphoroxalic  acid  appeared  to  be  peculiarly  well  fitted  for 
purpose  of  investigation  in  this  direction,  A  further  object 
to  accumulate  data  which  might  elucidate  to  some  extent 
mechanism  of  the  Claisen  condensation.  The  work  was  t^ 
fore  resumed  at  the  University  of  Chicago,  and  has  since  t 
continuously  prosecuted,  first  at  the  University  of  Pennsylva 
and  subsequeutly  in  this  laboratory.  The  results  as  regards 
constitution  of  camphoroxalic  acid  are  apparently  complete, 
indicate  that  it  is  an  unsaturated  keto-alcohol.  In  additioi 
this,  a  new  class  of  compounds  has  been  discovered,  formec 
the  condensation  of  the  add  with  amines.  Most  of  the  ob 
vations  which  have  been  made  have  been  published  at  inter 
as  the  work  proceeded  ;  in  the  present  paper,  these  scattered  c 
munications'  are  briefly  coordinated,  corrected  where  necessi 
and  a  description  is  given  for  the  first  time  of  a  series  of  c 
pounds  obtained  by  the  action  of  camphoroxalic  acid  and  ei 
camphoroxalate  on  ammonia  and  certain  aliphatic  amines. 
THEORETICAL. 
A  number  of  experiments  were  made  in  order  to  determine 
most  suitable  conditions  for  the  preparation  of  camphoroxalic : 
and  its  ethyl  salt ;  these  may  be  thus  summarized  :  <  i )  Sod 
with  ethyl  oxalate  and  camphor  in  boiling  toluene;  (i)  D 
sodium  ethoxide  suspended  in  boiling  ether;  (3)  Sod 
ethoxide  in  absolute  alcoholic  solution;  (4)  Sodium  wire  \ 
the  camphor  and  ethyl  oxalate  in  absolute  ethereal  solution  ; 
Sodium  wire  as  in  4,  in  dried,  light  petroleum  solution.  ' 
results  are  as  follows : 


j 

pi 

small 

£ 
S3.5 

P 

4-9 
Etbylic  sal 

Dim..  Munich 

.8B9. 

P-34 

J.  Chim.  Soc. 

on),  1890,  65a  ; 

19.  393  ('S97)  i  Wc(.,  JO,  318  (iSsS) :  rtid.,  ai,  «8  (1899) ;  «'«..  »a.  a 
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It  is  immediately  evident  that  the  first  three  methods  are  quite 
misaited  for  the  preparation  of  the  add  on  a  large  scale.  Experi- 
ments 4  and  5  show  that  the  use  of  light  petroleum  is  more 
favorable  to  the  yield  than  that  of  ether,  probably  because  of  its 
higher  boiling-point  (about  70°)  ;  its  cheapness,  and  the  ease 
with  which  it  can  be  dehydrated  are  also  incidental,  but  highly 
important  advantages.  The  influence  of  the  varying  amount  of 
sodimn  is  illustrated  in  experiments  5^,  by  and  c,  the  total  yield  is 
improved  by  the  use  of  i  atom  to  i^  molecules  of  camphor,  but 
a  larger  proportion  of  the  latter  favors  the  formation  of  acid  at 
the  expense  of  ethylic  salt. 

Recent  research  appears  to  indicate  that,  except  in  the  case  of 
hydrocarbons  of  the  acetylene  type,  or  those  containing  the 
linkage  C:C.C.C:C,,^  none  of  the organo-metallic  compounds  have 
the  metal  directly  linked  with  carbon  ;  accordingly,  in  formulating 
the  above  facts,  Claisen's  explanation  of  his  condensation 
lequires  some  modification.  The  figures  in  the  above  table  show 
that  the  action  of  sodium  on  camphor  is  by  no  means  complete, 
but  it  may  be  represented  as  follows  : 

.CH, 


(I.)  2c;h 


"\:o 


+  2Na 


_i 


CH 


.CH, 


C,H„^  li  +  C.H./  I 

^C.ONa  ^CH.ONa 

(  Sodiotn  camphor. )        ( Sodium  bomeol . ) 


<2)  C,H,. 


.ONa 


+  C,H.O.CO.CO.OC,H, 


/ 


ONa 


C,H,O.CO.C-OC„H„. 

\)C.H. 


ONa 


<3)  C,H,0.CO.C— OC„H„  + 

\)C.H, 


H,C 


OC 
OC 


> 


CH 


8**14 


\ 


y 


C,H„  +  C„H„0  +  C,H.O 


C,H,O.CO.CONa:C 
The  sodium  salt  wheo  acidified  yields  the  ketone  directly. 

' }-  Thick  :  Ber.  d.  chem.  Gil.,  34,  69  (1901). 
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large  amount  of  acid  produced  and  the 
;  been  shown  to  favor  its  formation,  prove  t 
ibed  to  hydrolysis  of  the  ethyl  salt,  either  ' 
excess  of  camphor  are  being  extracted,  or 
es  of  moisture  in  the  apparatus.  The  idea 
camphor  mechanically  retain  ethyl  salt  si 
ubsequent  hydrolysis,  the  amount  of  acid 
so  not  supported  by  the  comparative  experi 
ifications  already  suggested,  Bromme  &  Cla 
he  formation  of  acetophenone  oxalic  add  i 
ording  to  this  the  compound  formed,  as  r 
nd  equation,  combines  either  with  a  se< 
um  camphor,  or  with  one  of  sodium  ethoxii 
luced  from  the  alcohol  eliminated  in  the  tt 
tion: 

NaO. 
C„H„0— C.CO.OC,H,+RONa  — 

C,H.o/ 

Na 

C.H, 
y  the  interaction  of  camphor  as  in  equation 

yONa 
I,.0;CONa.C— OC,H„  which,  with  water, 

\dr 

nd  C„H..O  :  CONa.CO.ONa  +  C.H.O  +  I 
-ioH|().  It  must  be  confessed  that  this  e 
illy  satisfactory,  as  it  affords  no  very  obvic 
ire    of    the    ortho  carbon    atom    in    the 

yONa 
I„0 :  C.ONa.C— OC,H,.  to  react  with  camp 

in    equation  3,    and    yield,   eventually, 
I,.0  :  COH.COH  :  OC„H„.     Hitherto,  none 
been  found,  although  attempts  have  been  ir 
■efore,  the  inference  is,  either  that  it  is  hydr 
-action  of  the  acid,  or  that  the  experiment 
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unfavorable  for  its  production.  A  similar  lack  of  success  was 
'experienced  in  an  attempt  to  obtain  the  corresponding  acetone 
deriyati%'e  from  ethyl  camphoroxalate  and  acetone  in  the  pres- 
ence of  sodium.  An  attempt  which  was  made  to  test  the  above 
theory  was  based  upon  the  following  considerations  :  The  sym- 
metry of  ethyl  oxalate  precludes  the  formation  of  more  than  one 
camphoroxalic  add,  apart  from  possible  stereoisomers,  but  an 
tms3rmmetrical  dibasic  ester  should  3rield  two  structurally  difiFer- 
ent  acids  according  to  which  of  the  original  carbethoxyl  groups 
reacted  ;  this  is  illustrated  by  the  following  equations,  in  which 
the  carbon  atoms  of  the  carbethoxyl  groups  are  distinguished  as 
I  and  2 ;  (R  =  C.H^ or  C,oH„  ;  R"  =  C,H„ :  CO). 


••  I 


The    additive    compound     NaO.C(OR), 
equation    4    would    become    successively 


C(OR),.ONa  of 


C(OR),.ONaorNaO.C(OR),  ...  C.ONa: 


.  C  :  O.ONa  or  NaO.CO . . .  C.ONa  :  CR"  ; 


(a)  NaO.C:CR"  . 
CR"; 

(b)  NaO.CrCR" 

(f)  HO.C  :  CR"  . . .  CO.OH  or  HO.CO  . . .  C.OH  :  CR". 

Pyrvtariaric  acid,  HO.OC.CH(CH,).CH,.CO.OH,  is  perhaps 
llie  simplest  add  fulfilling  the  conditions  necessary  to  test  the 
above  hypothesis,  and  experiments  were  made  with  it.      Diethyl 
fyrotariraie  is  readily  prepared  by  E.  Fischer's  method,  and  the 
yield  is  excellent.      Sodium  wire  dissolves  slowly  in  a  light 
petroleum  solution  of  camphor  and  ethyl  pyrotartrate;  the  con- 
densation product  which  was  finally  isolated,  gave  a  red  coloration 
^th  ferric  chloride  and  alcohol,  but  no  add  could  be  obtained 
from  it  by  hydrolysis.     The  3deld  of  condensation  product  was 
^mall,  and  was  not  improved  by  the  varying  conditions  em- 
idoyed.       In    pursuit    of    the    same    object    ethyl    oxalacetate 
iras  employed    instead  of    the  ethyl   pyrotartate.      The  prod- 
uct was  a  S3rrup  having  a  yellowish  brown  color  in  ethereal  solu- 
tion ;  in  aqueous  solution,  a  blue-purple  coloration  is  produced 
on  the  addition  of  a  little  mineral  add;  with  a  larger  excess,  the 
color  is  discharged  ;  alkalies  change  it  to  deep  red.     When  hydro- 
lyzed,  the  compound  3rields  a  liquid  add  which  readily  liberates 
carbonic  anhydride  from  carbonates ;  an  attempt  to  induce  it  to 
<^stallize,  after  purification  by  means  of  the  barium  salt,  was 
onsuccessf  ul.     The  compound  is  probably  a  condensation  product 


,'  I 
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ethyl  oxalacetate  similar  to  those  described  by  Claisen'  al 
d  in  conjunction  with  Hare,*  and  by  Ruhesmann  and  Hem 
Campkoroxalic  Acid  is  readily  soluble  in  ether  and  bem 
jderately  so  in  light  petroleum,  and  sparingly  in  water ; 
eferably  purified  by  recrystallization  from  light  petroli 
ing  deposited  in  large,  well-developed  six-sided  monoc 
ites,  resembling  those  of  quartz  in  appearance,  and  mellia 
°.  When  quiclily  distilled  under  the  ordinary  pressure  : 
mphor  is  produced,  but  the  greater  portion  of  the  acid  p 
er  unchanged.  Prolonged  exposure  to  a  temperature  of 
iled  to  yield  any  isomeric  compound  (cf.  pp.  377).  Whenhf 
th  barium  hydroxide,  in  a  current  of  dry  purified  hydrc 
drolysis  occurs  at  the  position  of  the  ethylene  linkage, 
mphor  and  barium  oxalate  are  formed.  No  pbysiolo 
tion  is  produced  on  a  dog  by  the  intravenous  injectic 
241  gram  of  sodium  camphoroxalate  per  kilo  of  body  we 
le  copper,  stiver,  caicium,  lead,  and  barium  sails  are  spari 
luble  and  amorphous  ;  the  first  is  green,  the  second  sli) 
How,  and  the  remainder  white.  The  sodium  sail,  which  is 
idily  soluble,  rapidly  decolorizes  potassium  permangana 
e  ordinary  temperature.     When  reduced  by  means  of  so 

/CH.CH.OH.CO 
lalgam  the  acid  yields  a  lactone,  Cgi 


I 
CH_ 


deposited  from  ether  as  an  unctuous  solid,  melting  at  75°- 
le  actios  of  bromine  on  camphoroxalic  acid  was  studied  in 
pe  that  it  might  yield  evidence  of  the  presence  or  otherwi 

ethylene  linkage,  and  also  because,  by  its  means,  it  app< 
ssible  that  an  isomeric  acid  might  be  produced.  The  substi 
ict  either  in  chlorofonn  solution,-  or  when  bromine  \'ap 
aught  into  contact  with  the  dry  acid  ;  hydrogen  bromi 
minated  more  quickly  in  the  former  than  in  the  latter 
d  the  product  is  an  oil  which  crystallizes  with  difficulty,  ca 

completely  purified,  and  contains  bromine.  It  gives  no  c 
on  with  ferric  chloride  and  alcohol,  and  when  reduced 
ignesium  amalgam  yields  an  acid  closely  resembling  cam] 
alic  acid  in  general  properties  but  differing  from  it  in  crysl 
aphic  form.     These  results  may  be  explained  in  one  of 

■  Srr.  4.  t/iem.  Ga..  14,  130. 

■  Ibid.,  14,  i». 
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ways :  If  the  ethylene  linkage  is  attacked,  the  additive  compound 

XBr.CBr.OH.CO.OH 
would  be  C^H„^  |  ;  this  should  readily  elim- 

inate    hydrogen     bromide    and     yields    either    the    compound 

.CBr.CO.CO.OH  yCrCOBr.CO.OH 

I  ,  or  CgH,^^   I  ;  on   reduc- 


/ 


C.H„v 

tion  the  former  would  give  the  diketonic  acid, 


.CH.CO.CO.OH 


C«H, 


CO 


and  the  latter  camphoroxalic  acid.  On  the  other  hand  it  is  well- 
known  that  camphor  itself  very  readily  combines  with  bromine, 
forming  the  dibromide  CjoH^Br^O,  which  easily  eliminates  hydro- 
gen bromide  and  is  converted  into  bromocamphor,  QoH^BrO  ;  if 
the  nucleus  of  camphoroxalic  acid  acts  in  a  similar  manner,  then, 
by  the  reduction  of  this  bromo  acid,  an  isomeric  camphoroxalic 
acid  should  be  formed  which  should  not  differ  materially  from 
the  ordinary  compound  in  properties,  and  should  give  a  similar 
red  coloration  with  ferric  chloride,  while  the  keto  acid  could  not 
do  so.  This  second  view  of  the  reaction  appears  at  present  to  be 
the  more  probable. 

When  heated  wnth  hydrochloric  acid,  or  with  dilute  sul- 
phuric acid  (1:3),  camphoroxalic  acid  yields  a  little  ox- 
alic add,  but  by  far  the  larger  proportion  of  it  is  converted, 
by  the  addition  of  the  elements  of  2  mols.  water,  into  an  acid 
which  crystallizes  with  some  difficulty  in  granular  nodules 
melting  at  92°-93®.  This  compound,  C,jHjjOe,  differs  from  the 
parent  substance  by  its  sparing  solubility  in  light  petroleum,  the 
production  of  a  deep  blue  coloration  with  ferric  chloride  and 
alcohol,  and  by  its  failure  to  give  a  precipitate  with  calcium 
chloride  in  ammoniacal  solution. 

The  action  of  acetic  anhydride  on  camphoroxalic  acid  is  com- 
plex, and  although  much  time  and  labor  have  been  spent  on  its 
study,  the  results  cannot  be  considered  satisfactory.  This  arises 
from  the  fact  that  under  the  most  favorable  circumstances  the 
yields  are  poor,  and  very  slight  alterations  in  the  experimental 
conditions  cause  the  acid  to  undergo  complete  decomposition. 
The  purity  of  the  anhydride  employed  is  a  most  important  factor. 
Three  compounds  have  been  isolated,  the  first  is  acetylcamphor- 
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/C  :  C(O.CO.CH.).CO.OH 
oxalic  acid,  C,H,,<    I 

formed  by  the  interaction  of  the  anhydride  ant 
oxalate  ;  it  crystallizes  from  a  mixture  of  b 
petroleum  in  reticulated  stellate  needles,  melting 
The  second  compound  is  also  formed  by  the  \ 
chloride  on  camphoroxalic  add  ;  it  gives  no  col 
hoi  and  ferric  chloride,  is  insoluble  in  sodium  h] 
and  crystallizes  in  colorless  slender  needles  melt: 
Bromine  and  hydroxylamine  are  both  without  a 
pound  to  which  the  formula 

•CO 


C«H./  I 


<l> 


C.H,./j" 

N:o 


,c 

lO 

c 


is,  at  least  provisionally,  assigned.  The  tl 
formed  with  great  difficulty,  and  all  attempt 
yield  were  fruitless.  It  crystallizes  in  small, 
needles  which  darlcen  at  about  240°,  and  melt 
not  react  with  bromine  in  chloroform  solutio 
sodium  hydroxide  dissolves  a  portion  and  tu 
yellow.     The  formula 

/CO 
C,H,/   I 

x;:C 
o/\co 

/C:C 
C.H,<  I 

is  in  harmony  with  the  little  which  is  known  of 
Acetylcamphoroxalic  acid  readily  reacts  with 
the  form  of  vapor,  or  in  chloroform  solution;  in 
gen  bromide  is  copiously  evolved,  but  no  crystal 
be  isolated.  The  result  confirms  the  explanati 
of  the  action  of  bromine  on  camphoroxalic  acid 
appears  little  room  for  doubt  that  the  haloid  att 
nucleus  of  both  compounds. 
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With  benzoic  anhydride,  and  camphoroxalic  acid,  no  definite 
results  could  be  obtained  ;  at  1 10^  benzoic  acid  sublimed,  and  at 
150°  carbonic  anhydride  was  evolved. 

Phenylhydrazine  and  camphoroxalic  acid,  in  anhydrous 
ethereal  solution,  3deld  a  salt  which  crystallizes  in  minute  color- 
less needles,  darkens  at  205^,  and  melts  and  evolves  gas  at 
214^-215^ 

A  somewhat  extensive  study  has  been  made  of  the  condensation 
compounds  of  camphoroxalic  acid  and  amines,  both  of  the  aro- 
matic and  aliphatic  series.  The  primary  products  in  all  cases  are 
apparently  simply  additive  substances  of  the  type 

<CH.C.OH.CO.OH 
I       I 
CO  NHR 

but  only  one  body  of  this  formula  has  been  isolated,  that  obtained 
from  hydroxylamine  :  the  remainder  appear  to  be  unstable,  and 
eliminate  the  elements  of  water,  giving  rise  to  products  of  the 
general  formula 

yC  :  C.CO.OH 

^CO  NHR 

Compounds  of  this  nature  have  been  prepared  from  ammonia, 
semicarbazine,^  aniline,  and  or-  and  /9-naphthylamine.  These 
substances  may  then  undergo  furthei  change  ;  in  the  case  of  the 
aniline  derivative  carbonic  anhydride  is  evolved  ;  the  hydroxyl- 
amine compound,  mentioned  above,  loses  the  elements  of  two 
molecules  of  water  and  yields  an  isoxazole,  while  orthophenylene- 
diamine  condenses  directly  with  the  acid  to  form  a  quinoxaline 
derivative.  The  above  series  of 'compounds  might  be  formulated 
in  various  other  ways;  perhaps  one  of  the  most  plausible  is 

xCH.C.CO.OH 
CaH/|       II  ; 

X:0  NR 

the  three  chief  reasons  for  preferring  the  first  formula  are:  ( i )  The 

stability  of  the  compounds  toward  alkalies;    (2)  The  fact  that 

with  all  reagents  that  have  been  successfully  tried,   and  which 

could   afford  crucial  tests,  both  camphoroxalic  acid,  and  ethyl 

camphoroxalate  act  as  hydroxy-unsaturated  compounds  ;  hence, 

analogy  is  strongly  in  favor  of  adopting  the  same  view  in  any 

*  It  appears  preferable  to  the  writer  to  designate  the  compound  NHj.CO.NH.NH,, 
'^^carbaxiue^  in  analogy  with  phenylhsrdrazine. 


.•  I 
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btfulcases;  {3)  There  is  some  direct  evidence  of  the  existei 
le  above  compounds,  of  the  imido  group,  and  in  the  cas 
ammonium  derivative,  of  the  amido  radical.  On  the  ot 
i,  there  has  been  complete  failure  to  obtain  similar  derivati 
!condary  amines,  either  aliphatic  or  aromatic,  and,  except 
eochemical  grounds,  this  is  not  readily  explicable  by  the  I 
lula,  but  is  easily  understood  from  the  second  one.  I 
£d  that  subsequently  further  light  may  be  obtained  on 
lect, 

1  naming  the  compounds  the  simplest  and  most  advisable  i 
sared  to  be  to  regard  them  as  derived  from  the  complex 
yC :  CH, 


which  the  term  campkojormene  suggests  itself;  it  is  s 
lanatory  and  indicates  the  presence  of  the  double  linkage, 
y  the  action  of  ammonia  on  sodium  or  potassium  campi 
late,  in  alcoholic  solution,  at  100°  under  pressure,  sod. 
bkoformeneamine  earboxylaie  is  obtained,  from  which  the 

,C  :  CH.CO.OH 

C.H,/|      I 

^CO  NH, 

adily  liberated.     It  crystallizes  in  colorless  plates,  melts, 

ves  gas  at  178",  is  not  soluble  in  light  petroleum,   and  % 

oloration  with  ferric  chloride  and  alcohol.    The  acid  disso 

■ily  in  hot,  but  not  in  cold,  sodium  carbonate  solution,  am 

ecipitated  on  acidification*;  by  means  of  the  diazo  reactia 

aerates  camphoroxalic  acid.,    An  attempt  to  prepare  cam] 

leneamine  by  heating  the  acid  was  unsuccessful  ;   abso 

holic  ammonia  and  free  camphoroxalic  acid  yield,  as  c 

Euct,   ammonium  camphoroxalate,  which  is  crystalline, 

;s  and  evolves  gas  at  about  212". 

>dium  camphoroxalate  combines  with  hydroxylamine  in  < 

rated  aqueous-alcoholic  solution,  at  the  ordinary  temperat 

ling  the  compound 

/CH.C.OH.CO.OH 

X-        I 

^CO  NH.OH 

\  crystallizes  in  bushy  clusters  of  colorless,  lustrous  need 

:h   sometimes   appear  flattened   into    plates;    it   melts 
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evolves  gas  at  146.5®.  No  alkaline  fumes  are  evolved  when  the 
componnd  is  boiled  with  sodium  hydroxide  solution,  and  no  col- 
oration is  produced  with  alcohol  and  ferric  chloride.  That  this 
additive  compound  is  represented  by  the  above  formula,  and  not 
by  the  possible  alternative  one, 

yC(NH.OH).CH.OH.CO.OH 

is  proved  by  the  production  of  camphylisoxazoUy 

/C— CH 

CsH,/  II       II      , 
^C      N 

\/ 

O 

when  the  additive  compound  is  treated  with  a  mixture  of  glacial 
acetic  acid  and  acetic  anhydride.  The  isoxazole  crystallizes  in 
colorless,  lustrous  needles,  which  melt  at  124 ^-125®.  At  about 
70**  it  sublimes  slowly,  and  forms  very  slender,  silky^  long  needles; 
no  coloration  is  produced  with  concentrated  nitric  acid. 

Semicarbazine  combines  with  camphoroxalic  acid  under  the  same 
conditions  as  hydroxylamine,  and  also  in  alcoholic  solution,  under 
pressure,  at  100®.  The  product  consists  of  two  compounds 
which  are  separated  by  means  of  ether.  The  more  soluble  one 
crystallizes  from  acetone  in  small  white  needles,  melting  and 
decomposing  at  218®.  The  second  compound  is  insoluble  in  all 
ordinary  neutral  organic  media  ;  it  is  purified  by  means  of  glacial 
acetic  acid  and  alcohol,  and  is  deposited  in  microscopic  needles — 
aggregated  into  cubical  clusters  ;  these  melt  and  decompose  at 
209^-210°.  Botli  compounds  dissolve  in  sodium  carbonate  solu- 
tion with  equal  readiness;  the  first  isreprecipitated  in  a  gelatinous 
condition,  but  after  drying,  its  melting-point  is  unchanged.  The 
solution  of  the  second  compound  is  also  precipitated  by  acids,  but 
the  precipitate  shows  the  same  melting-point  as  the  "  soluble*' 
body.  Identical  results  are  obtained  by  the  elementary  analysis 
of  the  two  substances.  It  would  be  easy  to  suggest  possible 
explanations  of  the  above  phenomena,  but  it  appears  better  to 
abstain  from  doing  so  until  more  experimental  information  is 

forthcoming. 

Aniline  and  camphoroxalic  acid  yield  three  compounds,  one  of 
these,  phenylcamphofarmeneamine  carboxylic  acid^ 


'» , 


.'  « 
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:  C.CO.OH 


N;ois 


spends  with  the  ammonia  derivative  of  camphoros 
is  formed  by  boiling  aniline  with  sodium  camphon 
ous  alcoholic  solution ;  it  crystallizes  in  bright  yelloi 
melts  and  decomposes  at  174°.  The  second  compoi 
,C  :  C.CO.ONH,C,H, 


I       I 
CONI 


3  NH.C,H, 

»  aniline  salt  of  the  preceding  acid,  and  is  formed 

or  a  few  moments  on  the  water-bath,  a  mixture 

:amphoroxalic  acid  in  concentrated  benzene  solu 

allizes  from  benzene  on  the  addition  of  light  petr 

I,  colorless  needles  which  melt  and  decompose  at  i; 

s  stable  at  the  ordinary  temperature  in  the  absena 

and  acid  vapors  ;  when  cautiously  heated  below  its 

:,    it    is .  resolved    into  aniline  and  phetiylcamph< 

e  carboxylic  acid,  and  the  same  change  is  produo 

ly  by  dilute  sulphuric  acid,  hydrochloric  acid,  alk 

;  slowly,  by  water.     Rapid  beating  above  its  mell 

ts    in  the  production  of    aniline,    carbonic  anhyc 

ylcamphoformeneamine    (see  below).      Prolongei 

concentrated  alkali,   aqueous  or  alcoholic,  convert 

lie  acid,  and  therefore,  of  course,   the  aniline  salt, 

md  the  alkali  salt  of  camphoroxalic  acid. 

le  third  compound  from  aniline  and  camphoroxali 

ed  by  heating  either  of  the  preceding  substances  at 

ng-points,  and  also  by  the  direct  action  of  the  coi 

0°.     Its  preparation  and  reactions  characterize  it  1 

hoformeneatnine, 

"  :CH 

X   ■       I 

^CO  NH.C.H, 

ystallizes  in  colorless,  rhombic  plates,  and  occasi 

icteristic  slender  hair-like  needles,   upwards  of  ai 

h..     With  bromine,  it  forms  a  hydrobromide ,  whi 

ijiloric  acid  and  hydroplatinochloric  acid  yield  salts, 

ormer  is  very  unstable.     Prolonged  boiling  with  con 

i  is  without  e£Fect  on  the  compound.     With  acetic  s 

QStable  crystalline  derivative  is  obtained  which  melt 


:.H,.<I    I 
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Benzoyl  chloride  reacts  with  the  amine,  yielding  crystals 
resembling  those  of  potassium  nitrate  in  shape,  and  melting  at 
160-161®.  The  derivative  formed  by  the  action  of  phenyl- 
sulphonic  chloride  is  crystalline,  melts  at  133^,  and  does  not  dis- 
solve in  sodium  hydroxide  solution.  With  methyl  iodide,  the 
amine  apparently  does  not  react. 

or-Naphthylamine  reacts  with  sodium  camphoroxalate  under 
somewhat  similar  conditions  to  aniline  and  forms  a-naphthyl- 
camphofonneneamine  carboxylic  acid^ 

yC  :  C.CO.OH 

CeH,/|        I 

^CONH.C^oH, 
which  crystallizes  with  i  mol.  C,H,  in  well  developed,  trans- 
parent, amber-colored  prisms,  melting  at  170**.  At  a  little 
above  loo**,  the  crystals  lose  their  benzene  and  change  to  a  brown 
powder  which  also  melts  at  170°.  The  corresponding  derivative 
of  fi-naphlhylamine  is  deposited  from  benzene  or  toluene  in 
bright  yellow  needles  which  melt  and  decompose  at  173*^.  From 
neither  of  these  compounds  has  it  hitherto  been  possible  to  obtain 
a  naphthyl  camphofonneneamine,  corresponding  with  the  phenyl- 
derivative.  The  pronounced  color — bright  yellow  to  brown, —  of 
these  three  carboxylic  acids  suggests  the  possibility,  that  instead 
of  being  represented  by  the  formula 

yC  :  C.CO.OH 
CsH,/|      I 

X:ONH.R 

they,  in  reality,  possess  a  *'  betaine  "  structure, 

.C  :  C  .  CO 


CsH,^ 


.•       f 


The  interaction  of  orthophenylenediamine  and  camphoroxalic 
add,  carried  out  under  similar  conditions  to  those  employed  for 
the  preparation  of  the  preceding  carboxylic  acids,  results  in  the 
production  of  camphoquinoxaline^  CigH^N^O,;  it  crystallizes  in 
bright  yellow  needles,  melts  at  246^,  and  dissolves  in  concentrated 
sulphuric  acid,  giving  a  color  resembling  that  produced  by  potas- 
sium chromate  in  the  same  circumstances.     Under  conditions 
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preclude  the  idea  of  hydrolysis,  ethylic  catnphoroxalab 
hophenylenediamine  yield  a  substance  identical  with  tlut 
le  acid.  The  compound  may  be  represented  by  one  oi 
f  the  formulae : 

yC  :  C— CO  /C  :  C~C.OH 

)   CH,/   i        I       i         ;      (2)   CH,/  I         I       II  ; 

X:0  NHNH  ^CO   NHN 

\/  \/ 

C,H,  C.H. 

,CH.C— CO  ;  /CH.C— C.OH 

)  C,H,/  I       II      I  (4)  C,H,.<;   I       II      II 
VO  N    NH  X;0  N    N 

\/  \/ 

C,H,  C,H. 

relationship  of  formulae  i  and  z  to  3  and  4  respectively 
of  a  lactam  to  the  corresponding  lactim;  excluding  tbi 
of  the  question  as  involving  the  broader  one  of  the  consti 
jf  the  quinoxalioes,  sodium  camphoroxalate  should  giv 
ipound  having  the  second  formulae,  while  ethylic  cam 
alate  should  yield  that  represented  by  the  first  om 
it  must  be  concluded,  either  that  the  first  compound  i 
e  and  changes  spontaneously  into  the  second,  or  that  tb 

salt  of  the  second,  after  acidification,  changes  to  the  first 
:nt,  this  latter  suggestion  appears  to  be  the  more  probabU 

of  course,  the  case  is  one  of  tautomerism  in  the  stric 
f  the  term. 

ETHYL  CAMPHOROXALATE. 

crude  condensation  product  of  ethyl  oxalate  and  can 
ways  contains  ethyl  oxalate,  and  although  this  is  of  littl 
lence  for  some  purposes,  a  supply  of  pure  substance  is, .( 

highly  desirable  and  occasionally  absolutely  necessarj 
iide  ethyl  salt  does  not  react  with  copper  acetate  eitbt 
ral,  or  ammoniacal  solutions,  irrespective  of  whether  tb 

dissolved  in  water,  ether,  or  light  petroleum.  The  con 
thus  exhibits  a  striking  contrast  to  formy  Icamphor,  whic 
ang  acid.  When  boiled,  a  portion  suffers  decompositio 
rt  is  volatilized  unchanged.     An  attempt  to  separate  th 

ethyl  salts  by  systematic  treatment  with  sodiui 
:ide,  sodium  carbonate,  and  sodium  hydrogen  carbonal 
OS,  resulted  only  iu  the  hydrolysis  of  the  compounds.    ] 
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was  ultimately  found  to  be  most  convenient  to  hydrolyze  the 
crude  ester,  and  then  esterify  the  purified  camphoroxalic  acid  by' 
a  modification  of  E.  Fischer's  method.  The  compound  is 
deposited  from  light  petroleum  in  fern-like  aggregates,  consisting 
of  long  needles,  melting  at  40.5°.  It  is  miscible  with  ether  in  all 
proportions,  and  is  extremely  readily  soluble  in  ordinary  media, 
with  the  exception  of  light  petroleum.  With  alcohol  and  ferric 
chloride  solution  a  deep  red  coloration  is  obtained.  Fractional 
esterification  failed  to  show  any  lack  of  homogeneity  in  cam- 
phoroxalic acid     (cf.  pp.  368). 

Bromine  and  ethylic  camphoroxalate  readily  react,  hydrogen 
bromide  being  evolved  ;  when  the  two  are  heated  in  chloroform 
solution  oxalic  acid  is  formed,  but  at  the  ordinary  temperature 
the  product  was  an  oil  which  refused  to  crystallize. 

With  acetic  anhydride  the  ester  yields  acetylcamphoroxalic 
add,  as  already  described  (cf.  p.  369).  No  derivative  could  be 
obtained  bj'  the  action  of  either  benaoyl  chloride  or  benzoic  anhy- 
dride, in  spite  of  considerable  variation  of  the  experimental  con- 
ditions. The  greater  relative  stability  of  the  ethylic  salt,  as  com- 
pared with  camphoroxalic  acid,  towards  these  reagents,  is  inter- 
esting, and  supports  the  view  that  the  acid,  under  their  influence, 
undergoes  deep-seated  changes  involving  the  carboxyl  group. 

Carefully  dried  ammonia  produces  a  white  precipitate  when 
passed  into  a  well  cooled  absolute  alcoholic  solution  of  ethylic 
camphoroxalate  ;  the  substance  is  unstable,  and  is  resolved  spon- 
taneously into  its  constituents.  It  is  doubtless  an  additive  com- 
pound with  the  formula 

yCH.C(OH).CO.OC,H5 

^CO  NH, 

When  heated  at  100^,  with  alcoholic  ammonia  in  excess,  it  is 
converted  into  camphoformeneaminecarboxylamide, 

yC  :  C.CO.NH, 

\/\      I 
^CO  NH, 

which  is  also  formed  directly  by  the  interaction  of  ammonium 
chloride,  potassium  hydroxide,  and  ethylic  camphoroxalate  under 
the  same  conditions.  It  crystallizes  in  colorless  microscopic  nee- 
dles, melting  at  227 ^-228 ® .  Boiling  with  sodium  hydroxide  solu- 
tion causes  the  regeneration  of  ammonia  and  camphoroxalic  acid. 


C3H, 


-'  * 
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impound  which  melted  at  325°,  and  was  previously'  obtainc 
the  action  of  dry  ammonia  on  ethyl  camphoroxalate  i 
>lute  ethereal  solution,  was  prepared  from  the  crude  ethyl 
,  containing,  therefore,  ethyl  oxalate,  and  was  almo 
ainly  oxamide. 

1  the  first  paper  on  this  subject,'  a  substance  was  describ 
ch  was  produced  by  the  interaction  of  crude  ethyl  campho 
late  and  hydroxylamine;  it  crystallized  in  silky  needles,  ai 
ted  at  193°.  Prom  its  melting-point  and  general  propertic 
compound  is  probably  oxalenediamidozime  OH.N:C(NH, 
IH,):N.OH  ;  in  any  case  it  is  not  a  derivative  of  ethyl  cai 
roxalate,  as  all  attempts  to  obtain  it  from  the  pure  componi 
e  fruitless.  Experiments  with  the  ethyl  salt  and  hydrox; 
ne  at  100°  led  to  no  definite  results,  but  at  the  ordinary  to 
iture  a  product  is  formed  which  crystalUzes  in  colorle: 
der  needles,  melting  at  i30°-i2i°.  Its  nature  has  not  j 
1  investigated. 

[ethylamine  and  ethyl  camphoroxalate  readily  condense 
',  under  conditions  similar  to  those  employed  in  the  case 
nonia.  The  product  is  deposited  in  small,  white  needles  whi 
t  at  130"  ;  it  is  not  very  stable,  and  spontaneously  evoli 
hylamine,  but  there  is  no  doubt  that  it  is  meikyl  campi 
tenea  tnin  ecarboxyliKelhylamide , 

<C  :  C.CO.NH.CH, 
I      I 
CO  NH.CH, 

^tkyl  camphoformeneamineearboxyUthylamide, 
yC  :C.CO.NH.C,H, 
C,H,/|      I 

^CONH.C,H. 
jrmed  from  ethylamine  in  a  similar  manner  to  the  precedi 
tpound,  which  it  resembles  in  general  properties;  itcrystalli; 
olorless  needles,  melts  at  148',  and  very  slowly  evolves  eth 
ne.  Semicarbazine  condenses  with  ethyl  camphoroxala 
ler  at  the  ordinary  temperature,  or  at  100°,  forming  ei. 
icarbazylcamphoformeneamineca  rboxylate , 
yC :  C.CO.OC,H. 


NH.NH.CO.NH, 


Am.  aim.  J.,  aa,  332  {1898). 

J.  atm.  Sac.  (Iiondon).  gj,  65;  {1S90). 


CAMPHOROXALIC   ACID   DERIVATIVES. 


379 


which  crystallizes  in  colorless  needles,  melting  at  202°.  Molecu- 
lar weight  determinations  agree  with  the  formula  given.  Accom- 
panying this  compound  a  second  was  sometimes  obtained  in  small 
quantity  which  also  crystallized  in  colorless  needles,  melted  at 
225**,  and  may  possibly  be  semicarbazine  sulphate. 

Ethyl  camphoroxalate    forms  two  compounds   with    aniline. 
The  one,  ethyl phenylcamphof armenecarboxy late ^ 

yC  :  C.CO.OCjHj 

^CONH.CeH, 
is  prepared  from  its  constituents,  at  loo**,  and  is  deposited  in 
almost  white,  microscopic,  needle-shaped  crystals,  melting  and 
decomposing  at  158^-160°.  When  hydrolyzed  by  means  of 
alkalies  it  yields  the  corresponding  acidy  m.  p.  174,  the  prepara- 
tion of  which  from  aniline  and  sodium  camphoroxalate  has  been 
already  described  (cf.  p.  374).  The  second  condensation  product 
of  aniline  and  ethyl  camphoroxalate  is  obtained  by  heating 
these  substances  together  at  130®  ;  it  consists  of  pkefiylcampho- 
formeneatninecarboxylicanilidey 

yC  :  C.C0.NH.C,H5 

X:0NH.C,H5 
which  crystallizes  in  small,  colorless  needles,  melting  at  193®. 
The  compound  is  not  changed  by  admixture  with  bromine  in 
diloroform  solution,  nor  by  prolonged  boiling  with  aqueous  or 
alcoholic  sodium  hydroxide.  Treatment  with  sulphuric  acid 
readily  gives  rise  to  resinous  products.  An  unstable  platino- 
chloride  appears  to  be  formed,  but  hydroaurochloric  acid  quickly 
undergoes  reduction  when  mixed  with  the  anilide.  In  the  first 
paper  on  this  subject  it  was  stated  that  aniline  and  ethyl  cam- 
phoroxalate yield  oxanilide ;  this  is  incorrect  as  the  foregoing 
account  shows.  At  the  time  that  the  statement  was  made  pure 
ethyl  camphoroxalate  had  not  been  prepared,  and  the  mistake 
arose  from  the  use  of  crude  material  containing  ethyl  oxalate. 
Unfortunately  the  error  has  been  copied  into  Morley  &  Muir's 
edition  of  **  Watts'  Dictionary  of  Chemistry.*' 

/^-Naphthylamine  and  ethyl    camphoroxalate  yield,  at   100°, 
ethyl  fi-naphthylcampho/ormeneaminecarboxylate  y 

yC  :  C.CO.OCjH^ 
C,H,Z  I      I 

^CONH.CjoH, 


.  • 


•  •  • 


•m 


r 
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which  closely  resembles  the  correspondiDg  phenyl  derivalnt 
appearance,  and  crystallizes  in  colorless,  microscopic  neei 
softening  at  about  160°,  and  melting  and  decomposing  at  1; 
The  exact  melting-point  is  largely  dependent  on  the  rapidity  \ 
which  the  bath  is  heated.  Hitherto,  no  naphthalide  has  1 
obtained  corresponding  to  the  "  anilide  "  described  above. 

The  condensation  of  orthophenylenediamine  and  ethyl  c 
phoroxalate,  leading  to  the  production  of  campboquinoxal 
has  been   described    in    connection    with    camphoroxalic 
(P-375)- 

Phenylhydrazine  and  ethyl  camphoroxalate,  in  equimolec 
proportion,  readily  react  when  boiled  in  anhydrous  etherea 
light  petroleum  solution.  The  product  is  sparingly  soluble, 
comparatively  stable  towards  aqueous  sodium  hydroxide  al 
ordinary  temperature,  but  gives  a  deep  blue-purple  colon 
with  concentrated  nitric  acid.  It  crystallizes  in  slender,  sr 
white  needles,  which  melt  sharply  at  212°.  A  trace  of  impt 
depresses  this  value  very  considerably;  hence  the  incorrect  t 
ing-point  (i87°-i88'')  given  in  the  first  paper.  The  proof 
this  compound  is  a  phenylhydrazide. 


and  not  a  phenylhydrazone. 


C.CO.OC,H. 
NH.NH.C,H, 


C,H,/  I      II 

^CON.NH.CH, 

is  afltorded  by  its  oxidation  to  ethyl   camphoroxataUazobtn: 
yC  :  C.CO.OC,H, 


\CON:N.C,H. 
which  crystallizes  in  red  needles,  melts  at  210°,  and  is  much  t 
readily  soluble  in  ether  than  the  phenylhydrazide.  The  oxidj 
may  be  accomplished  by  means  of  mercuric  oxide  in  the  pres 
of  absolute  alcohol,  but  is  preferably  carried  out  by  the  hel 
hydrogen  peroxide  at  the  ordinary  temperature  in  ethereal  t 
tion.  The  proof  of  the  constitution  of  this  compound  affoi 
strong  argument,  by  analogy,  in  favor  of  that  assigned  tc 
other  condensation  compounds  described  in  the  preceding  pa 
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Ethyl  cantphylpkenylpyrazolcarboxylaie^ 

yC— C.QO.OC,H, 
C,H,/||     II 
\C    N 

N.CeH, 

IS  fonned  by  heating  the  phenylhydrazide  at  200**,  or  by  treating 
it  with  acetic  anhydride,  glacial  acetic  acid,  or  hydrogen  chloride. 
It  crystallizes  in  bunches  of  white  needles,  melts  at  114**,  and 
gives  a  pale  yellow-colored  solution  with  concentrated  nitric  acid. 
The  free  acid^  prepared  by  hydrolyzing  the  preceding  compound, 
crystallizes  in  lustrous  needles,  which  melt  at  192**;  these  appear 
to  contain  benzene  of  crystallization,  as  they  slowly  lose  their 
luster,  even  at  the  ordinary  temperature,  and  then  melt  at  197®. 
The  compound,  in  the  form  of  sodium  salt,  is  without  marked 
physiological  action.  When  the  barium  salt  is  distilled  with 
excess  of  barium  oxide,  care  being  taken  to  avoid  the  presence  of 
moisture,  an  oily  compound  is  formed  which  gives  a  reddish 
purple  coloration  with  concentrated  nitric  acid,  and  also  Knorr's 
pyrazoline  reaction  ;  it  therefore,  presumably,  contains  camphyl-- 
pkenylpyrazoU, 

/C.CH 

C3H/II     II         . 
^C    N 

\/ 
N.C.H, 

The  study  of  the  preceding  condensation  compounds  shows  that 
their  stability  increases  as  the  mass  of  the  radical  in  the  amine 
becomes  greater,  at  least  as  regards  the  aliphatic  derivatives  ;  in 
the  case  of  ammonia  the  symmetry  of  the  molecule  probably 
accounts  for  the  high  melting-point  of  the  product.  The  ques- 
tion as  to  the  formation  of  compounds  of  the  tyi)e, 

.C  :  C.CO.OC^j  yC  :  C.CONH.R 

C«H,/|      I  or    C^H,/!      I 

^CONH.R  ^CONH.R 

appears  to  depend  upon  the  basicity  of  the  amine,  and  the 
tonperature  at  which  the  reaction  proceeds  ;  thus  at  100**,  when 
R  =  H,  CHj,  or  C,Hj,  compounds  of  the  second  tjrpe  are  obtained, 
but  when  R  =  NH.NH.CO.NH„CeH5,NH,C,H5,  or  C,oH„  the 
products  belong  to  the  first  type.  At  higher  temperatures,  with 
^=  CjHs,  a  compound  of  the  second  type  is  produced,  but  under 


i' 
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milar  conditioDS,  when  R  =  C^gH,,  this  was  not  found  to 
le  case.  The  substances  of  the  first  type  are  strict  analog 
'  the  primary  condensation  products  of  camphoroxalic  : 
id  amines. 

It  is  worthy  of  note,  that  in  spite  of  many  attempts  to  pre] 
lem,  no  compounds  could  be  isolated  in  which  the  carbt 
roup  of  the  camphor  nucleus  had  primarily  reacted  with 
nine  ;  that  it  had  remained  intact  was  proved  by  the  subseqi 
irmation,  from  the  actual  condensation-products  of  pyrazole, 
oxazole  derivatives.  It  is  now  generally  recognized  that  many  i 
■y,  and  a-^-diketones  are  capable  of  existing  or  reacting  in 
-  more  forms,  the  change  may  be  expressed  by  the  equat 
HR.COt:;CR:C.OH.  Analogy  leads  to  the  conclusion  tha 
)mpounds  of  these  classes  are  capable,  under  suitable  condil 
:  undergoing  the  change.  It  is  customary  to  assume  thai 
rdinary  "  ketonic  reagents  "  react  primarily  with  the  carb 
roup,  giving  compounds  of  the  type  of  aldehyde  ammni 
/NH, 
CHR.C< 

Ndh 

hich  are  generally  unstable  and  change  spontaneously 
HR.C:NH(R)+H,0  {formation  of  oximes,  hydrazones, « 
his  idea  of  the  carbonyl  group,  always  being  the  ] 
■  attack,  does  not  appear  to  have  any  very  definite  founda 
he  above  results  show  that  "ketonic  reagents,"  in  the  pres 
:  a  compound  containing  both  carbonyl  and  the  g 
,C:C.OHR,  react  preferably  with  the  latter,  and  not  at  all 
le  former  under  any  conditions  hitherto  devised,  and  tha 
le  case  of  hydroxylamine,  the  compound  formed  by  its  add 
I  the  double  carbon  linkage  is  quite  stable.  Similar  results 
ibsequently  obtained  with  mesityl  oxide  and  phoroue  by  Ha 
id  his  coworkers.'  The  relative  stability  of  such  add 
impounds  would  naturally  be  expected  to  vary  between  I 
:  least  as  wide  as  those  limiting  the  existence  of  the  ke 
id  enolic  forms  of  the  parent  substances.  Moreover, 
ability  might  be  greatly  dependent  on  the  reagents  with  w 
le  compounds  are  brought  into  contact.  In  cases  when 
roup  in  question  could  occur  twice  or  thrice,  as  in  trikeb 
ich  as 

R.CO.CH,.CO.CH,.C0.R', 

1  Bcr.  d.  cbcni.  Co.,  30,  iji.  1736  (1S97). 


the  forms, 


and 
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R.COH:CH.COH:CH.CO.R, 

might  be  produced  successively  as  any  given  reaction  proceeded, 
the  end  products  being,  of  course,  direct  derivatives  of  these 
forms  and  not  the  free  enolic  bodies  themselves.  On  the  other 
hand,  the  production  of  the  enolic  form  might,  at  any  given  stage 
of  the  reaction,  be  entirely  inhibited  by  the  chemical  or  stereo- 
metrical  influence  of  the  new  groups  which  become  linked  to  the 
original  molecule.  In  the  preceding  sentences,  the  ketonic  and 
enolic  forms  of  ketones  have  been  referred  to,  for  the  sake  of 
simplicity,  as  if  they  were  fixed  quantities  ;  in  reality  we  should 
doubtless  regard  them  as  extreme  phases  of  reversible  systems, 
tending,  with  very  varying  velocities,  towards  more  or  less 
"widely  separated  states  of  equilibrium.  The  question  naturally 
arises  whether  the  above  considerations  are  not  also  applicable  to 
iDonoketones ;  in  this  connection^  Freer*s  very  interesting 
researches  on  acetone  may  be  mentioned;  they  show  that  under 
certain  conditions  it  forms  derivatives  of  the  compound 
CHj.COHiCH,.  An  attempt  has  been  made  to  discover  whether 
any  simple  relationship  exists  which  would  explain  the  pro- 
duction of  highly  colored  ferric  compounds  by  the  enolic  forms 
of  diketones  and  of  phenols,  but  so  far,  unsuccessfully. 

Whatever  may  be  the  fate  of  these  suggestions,  some  expla- 
nation must  ultimately  be  given  of  the  following  facts  :  (i)  The 
i;reat  reactivity  of  the  **carbonyP'  group  in  camphor  with  a 
number  of  reagents  which  are  generally  regarded  as  tests  for  the 
presence  of  this  radical ;  (2)  of  the  complete  quiescence  of  this 
group  in  camphoroxalic  acid  towards  the  same  reagents ;  (3) 
of  the  great  reactivity  of  the  second  **  carbonyl  "  in  that  acid  ; 
(4)  of  the  fact  that  this  last  group  certainly  reacts  as  an  unsatu- 
rated hydroxyl  complex  towards  some  of  the  reagents,  and  pos- 
^bly  does  so  with  them  all. 

Condensation  products  could  not  be  obtained  from  ethyl  cam- 
phoroxalate  or  sodium  camphoroxalate,  with  the  amines  enumer- 
ated below,  under  the  conditions  employed  in  the  preparation  of 
the  compounds  described  in  the  preceding  pages.  For  conve- 
^ence  both  classes  of  failures  are  discussed  together.  Urea^ 
para-  and  meta-phenylenediamine^  ethylaniline,  and  dimethylaniline 
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ailed  to  react  with  either  ethyl  or  sodium  camphoToxai 
x-naphthylamine  reacted  with  the  latter  but  not  with  the  fon 
'imethylamine  was  only  tried  with  the  ethyl  salt,  with  whi 
lid  not  combine.  The  failure  in  the  case  of  urea  is  prot 
lue  to  its  comparatively  feeble  basicity,  while  that  with  i 
ud  para-phenyl^iediamine  is  ascribable  to  the  difficulty  of 
ludng  rings  of  seven  and  eight  members,  such  as 

C  :  C C.OH  X  :  C C.( 

C,H,/  I     I  II  C,H,/  I      I  II 

x;ONH      N  \C0NH  N 

■    I  I  and  I  I 

C.CH.C  C.CH.CH.C 

I  I  "-CH.CH.-" 

HC.CH.CH 

The  behavior  of  secondary  amines  (ethylaniline  and  dime 

.mine)  has  already  been  discussed   (cf.  p.  372),  and  dime 

.niline,  being  a  tertiar>'  base,  would  not  be  expected  to  1 

^or  the  failure  of  a-naphthylamine  to  condense  with  ethyl 

thoroxalate,  while  it  interacts  so  readily  with  sodium  cam 

ixalate,  no  ve^y  plausible  reason  can,  at  present,  be  suggest 

Ethyl  camphoroxalate  readily  combines  with  methyl  ic 

n  the    presence  of    silver  oxide,    forming  ethyl  methykam 

xalate   which    appears   to    be    an   oil ;    the    corresponding 

rystallizes  in  six-sided  prisms  and  plates,  and  melts  at  95° 

..ike  the  ethyl  salt  it   gives  no  coloration  with  ferric  chl 

nd  alcohol. 

Methyl  oxalate  condenses  with  camphor,  in  present 
odium  methoxide,  but  the  time  of  heating  requires  to  be 
[>nged  owing  to  the  sparing  solubility  of  the  resulting  so 
alt  in  light  petroleum.  It  is,  therefore,  more  readily  pre 
ly  esterifying  the  acid.  The  compound  crystallizes  from 
letroleum  in  arborescent  needles,  belonging  to  the  orthorhc 
ystem,  which  melt  at  74.5''-75°.  With  phenylhydn 
aethyl  camphoroxalate  yields  a  phenylhydrazide,  whi( 
eposited  from  methyl  alcohol  in  slender,  white  needles,  m( 
t  204 "-205°.  Methyl  camphylphenylpyrazolecarboxylate, 
-CCO.OCH, 


C,H,/  II     II 


N.C,H. 
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is  formed  by  the  interaction  of  the  phenylhydrazide  and  glacial 
acetic  acid.  It  crystallizes  in  colorless  needles,  melts  at  80.5°- 
81.5**,  and  when  hydrolyzed  yields  the  add  (m.  p.  i93°-i94®) 
described  above  (p.  381). 

The  preparation  of    isoamyl  camphoroxalate  was    necessarily 
preceded    by    that    of    isoamyl    oxalate.       The    only    method 
described  in  Beilstein's  **Handbuch''  is  due  to  Friedel  and  Crafts, 
and  consists  in  heating  ethyl  oxalate  with  isoamyl  alcohol  at 
220^-250**.     No  diflBculty  was  experienced  in  obtaining  the  com- 
pound, in  any  desired  quantity,   by  the    action    of    isoamyl 
alcohol  on  dehydrated  oxalic  acid  at  100®.     The  preparation  of 
isoamyl  camphoroxalate  was  carried  out  in  a   similar  manner  to 
that  of  the  ethyl  salt.      The  sodium  dissolves  easily,   and  the 
resulting  comxx>und  is  readily  soluble  in  light  petroleum.     The 
isoamyl  salt  itself  is  sparingly  soluble  in  ether,  and  crystallizes 
in  colorless  triclinic  needles,  melting  at  98.5°-99.5®.     The  chief 
object  in  view  in  preparing  this  compound  was  to  ascertain  the 
influence,   if  any,   of  the  increase  of  the   mass   of    the    carb- 
alkyloxy  group  on  the  course  of  the  condensation.     The  results 
show  that  it  proceeds  more  readily  with  the  higher  than  with  the 
lower  homologues  ;  the  solubility  in  ether  or  light  petroleum  of 
ethereal  sodium  salts  also  increases  as  the  mass  of  the  alkyl 
becomes  greater,  and  it  is  highly  probable  that  this  is  the  chief 
reason,  if  not  practically  the  only  one,  for  the  improved  yield,  as 
the  sodium  is  more  readily  dissolved.     On  the  other  hand  the 
solubility  of  the  free  ethereal  salts  in  ether  and  light  petroleum 
is  least  in  the  case  of  isoamyl,   greatest  in  that  of  ethyl,   while 
methyl  occupies  the  intermediate  position.     As  regards  melting- 
points  the  compounds  resemble  the  corresponding  ethereal  salts  of 
oxalic  add  since  the  ethyl  derivative  melts  at  a  lower  tempera- 
ture than  the  methyl  salt. 

Isoamylic  camphoroxalate  phenylhydrazide,  prepared  in  a 
similar  manner  to  the  lower  homologues,  is  very  sparingly  soluble 
in  ordinary  media,  with  the  exception  of  isoamyl  alcohol,  at 
the  boiling-point  of  which  it  slowly  suffers  decomposition. 

Condensation  takes  place  tolerably  readily  between  camphor 
and  ethyl  pyruvate ;  the  product  is  difficult  to  purify  and  has, 
therefore,  hitherto  not  been  investigated. 


■  ft 
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EXPERIMENTAL. 
Camphoroxalic  Acid. 
The  best  method  of  preparing  this  compound  in  quantity 
ai  previously  described.' 

Ammonia  and  Camphoroxalic  Acid. 
The  acid  (4.4  grams  =  i  mol.)  was  mixed  in  a  bottle  of  at 
Dcc.  capacity,  with  ammonium  chloride  (3.2  grams  :=  3  mi 
tassium  hydroxide  (4.5  grams  =  4  mol.)  and  alcohol  (95 
it.,  50  cc.)  ;  the  bottle  was  provided  with  a  well  fitting  % 
ipper  which  was  suitably  clamped,  and  the  contents  heate 
0°  in  a  water-bath  during  four  hours,  When  cold,  the  alo 
LS  removed  by  evaporation,  and  the  residue  treated  with  ws 
idified  with  dilute  sulphuric  acid,  and  extracted  three  d 
th  ether.  The  solid  residue  from  the  dried  ethereal  solu 
IS  then  recrystallized  several  times  from  benzene,  and  fin 
>m  a  mixture  of  acetone  and  light  petroleum.  The  compoi 
lich  is  camphorformeneamine  carboxylic  acid,  is  depostei 
lorless  plates  melting  at  178'  with  evolution  of  gas  ;  it  is  rea 
iuble  in  benzene,  acetone,  and  ethyl  acetate,  insoluble  in  1 
troleum.  It  does  not  dissolve  in  sodium  carbonate  solutio 
B  ordinary  temperature,  but  does  so  readily  when  heated, 
reprecipitated  on  acidification.  With  alcohol  and  ferric  c 
!e  no  coloration  is  produced,  but  a  deep  red  one  is  obtain! 
2  compound  is  previously  treated  with  hydrochloric  add 
tassium  nitrite.  Sodium  hydroxide  may  be  employe<l  for 
Eparation  of  the  compound  instead  of  potassium  hydroxide. 
Analysis  -. 
I.  0.3485  gram  substance  gave  0.5850  gram  carbon  dioxide  ando. 

IL  o.  1946  grant  substance  gave  to  cc.  nitrogen  at  13°  and  755  mm. 
II.  o,Iio7  gram  substance  gave  6,8  cc.  nitrogen  at  a8.S°  and  741.5  m 
Calculated  for 

<C  :  C.CO.OH                                Found. 
T     I  .     : ■ . 

coKH,  I.  II.  ni. 

Carbon 64. 57  64.10  . .  -  -  — 

Hydrogen 7.61  7,69  — 

Nitrogen 6.16  6.04  6.01 

When  heated  at   i70°-i8o°,  the  compound  evolves  gas  ; 
■inous  residue  dissolves  in  alcohol,  and  abo  in  hydrochl 

1  Am.  Chtm  /,  ■«,  jw  (1897)  ;  ai,  1*7  {1899). 
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acid;  from  this  latter  solution  sodium  hydroxide  precipitates  an 
amorphons  substance,  while  platinic  chloride  gives  crystals  of 
ammonium  platinichloride,  which  were  identified  by  analysis  and 
comparison  with  a  pure  preparation  of  that  salt.  It  is  thus  evident 
that  the  attempt  to  eliminate  the  carboxyl  group  in  this  simple 
manner  from  the  original  compound  was  unsuccessful. 

By  the  action  of  free  camphoroxalic  add  on  absolute  alcoholic 
ammonia,  in  excess,  at  100®,  under  pressure,  a  crystalline  com- 
pound is  formed  which  melts  and  evolves  gas  at  about  212^,  but 
when  very  slowly  heated  it  melts  at  about  100®.  Ammonia  is 
evolved  when  the  compound  is  boiled  with  aqueous  sodium 
hydroxide,  and  the  solution,  after  acidification,  gives  a  deep  red 
coloration  with  ferric  chloride  and  alcohol.  The  compound  is 
presumably  ammonium  camphoroxalate, 

ETHYL  CAMPHOROXALATE   DERIVATIVES. 

Ammonia  and  Ethyl  Camphoroxalate. — The  ester  (5  grams  = 
I  mol.)  wasmixed  with  ammonium  chloride  (3.2  grams  =  3mol.)f 
potassium  hydroxide  (3.1  grams  =  less  than  3  mol.),  and 
alcohol  of  95  per  cent.  (50  cc).  The  mixture  was  then  heated 
in  a  closed  bottle,  at  100°,  during- four  hours.  The  alcohol  was 
removed  on  the  water-bath,  the  residue  washed  with  water  and 
dried.  The  yield  is  practically  quantitative.  The  compound  is 
sparingly  soluble  in  chloroform,  acetic  acid,  alcohol,  and  benzene, 
but  readily  in  xylene  ;  it  was  crystallized  from  this  three  times, 
and  after  being  washed  with  benzene  formed  colorless,  micro- 
scopic needles  melting  at  227^-228°. 

Analysis : 

I.  0.2158  gram  substance  gave  0.5086  gram  carbon  dioxide. 

n.  0.2135  gram  substance  gave  0.5040  gram  carbon  dioxide  and  0.1560 
water 
III.  0.1274  gram  substance  gave  14.0  cc.  nitrogen  at  18.5®  and  743  mm. 
W.  0.1323  gram  substance  gave  15.4  cc.  nitrogen  at  19.5°  and  747  mm. 

V.  0.2061  gram  substance  gave  23.4  cc.  nitrogen  at  17.5^  and  750  mm. 


Calculated  for 

<C  :  CCONHj 
i     I 
CONHs 

Carbon 64.86 

Hydrogen*..     8.10 
Nitrogen...*   12.61 


Found. 


I. 
64.28 


II. 
64.38 
8.II 


III. 


IV. 


V. 


....         ....       12.31       I3.II      li.97 

Camphofarmeneamtnecarboxylamide  gives    no    coloration  with 
ferric  chloride  and  alcohol ;  when  boiled  with  aqueous  sodium 
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Iroxide,  ammonia  is  evolved,  and  the  residue,  after  addifyii 
es,  on  the  addition  of  ferric  chloride  and  alcohol,  the  deep 
oration  characteristic  of  camphoroxalic  acid.  The  amidi 
}  produced  by  heating  ethyl  camphoroxalate,  or  the  ammo 
[i rive  compound  of  this  mentioned  below,  with  alcoholic  ammo 
ioo°  in  a  sealed  tube  ;  the  yield  is  excellent,  but  the  metl 
lot  so  convenient  as  the  one  given  above.  With  alcoholic  hyd 
tinichloric  acid  the  amide  yields  a  sparingly  soluble  plab 
iride  which  crystallizes  in  hexagonal,  orange-colored  plates 
\.  second  compound  of  ammonia  and  ethylic  camphoroza] 
>btained  by  saturating  a  concentrated,  well  cooled  solutiot 
:  latter,  in  absolute  alcohol  or  ether,  with  the  anhydrous  % 
Evbite  precipitate  is  formed,  which,  when  removed,  and  drai 
a  porous  plate,  is  gradually  resolved  into  its  constitu tents.  1 
>stance  could  not  be  analyzed,  but  is  almost  certainly  the  du 
litive  compound 

yCH.COH.CO.OC,H, 
.C,H,/  I       I 

\;ONH, 
len  heated  with  alcoholic  atnmonia  in  a  sealed  tube  at  ic 
nphoformeneaininecaTboxylamide  is  obtained  as  descri 
)ve,  A  third  compound,  which  has  been  previously  descrit 
s  obtained  by  the  action  of  dried  ammonia  on  crude  eth 
Dphoroxalate  in  anhydrous  ethereal  solution ;  it  darkens  at  ab 
>°,  melts  at  225°,  and  is  possibly  impure  oxamide,  as  sul 
snt  experiments  with  ihe  purified  ester  failed  to  yield  it. 

Hydroxylamine  and  Eikyl  Camphoroxalaie. 
The  ester  (t  mol.)  is  dissolved  in  alcohol  and  mixed  wii 
icentrated,  aqueous  solution  of  hydroxylamine  hydrochlo: 
5  mol.);  more  alcohol  is  added  if  necessary  to  obtain  a  c 
ution,  and  then  solid  sodium  hydrogen  carbonate  until 
uid  is  slightly  alkaline.  The  mixture  is  allowed  to  remaii 
;  ordinary  temperature  during  six  days,  in  the  course  of  wl 
vhite  granular  precipitate  gradually  forms.  The  liquid  is  t 
iired  into  water,  acidified  with  dilute  sulphuric  add, 
tracted  three  times  with  ether.  The  ethereal  solution  is  d: 
d  distilled,  and  the  residue  crystallized  twice  from  a  miztui 
uene  and  light  petroleum  ;  it  is  deposited  in  colorless,  slei 
^les  metring  at  I20°-I2i°.     t\\&  compound  \s  readily  soh 
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in  aqueous  sodium  hydroxide,  more  slowly  in  sodium  carbonate 
solution  ;  it  dissolves  in  dilute  sulphuric  acid  when  heated,  but 
crystallizes  out  on  cooling.  It  does  not  appear  to  be  soluble  in 
water  to  any  great  extent,  but  when  heated  it  melts  and  floats 
on  the  surface.  An  attempt  to  obtain  the  compound  by  the  inter- 
action of  its  constituents  at  100°,  under  pressure,  in  the  manner 
described  in  the  preparation  of  camphoformeneaminecarboxyl- 
amide  was  not  successful,  neither  did  the  ester  react  at  all  with 
hydroxylamine  in  absolute  alcoholic  solution,  under  pressure,  at 
100°.  The  constitution  of  this  substance  will  be  further  investi- 
gated subsequently. 

In  the  first  paper  on  this  subject  {loc.  cit, )  brief  mention  was 
made  of  a  compound  obtained  ixova  crude  ethylic  camphoroxalate 
and  hydroxylamine,  as  the  latter  was  employed  in  the  form  of 
hydrochloride,  and  a  large  excess  of  potassium  hydroxide  added; 
it  follows  that  the  substance  should  be  a  derivative  of  a  cam- 
phoroxalic  acid  and  not  of  the  ethyl  salt.  The  body  has  now 
been  further  investigated,  and  it  appears  to  be  2^  potassium  salt  of 
an  oxalic  acid  derivative  ;  this  is  readily  understood  when  it  is 
remembered  that  the  only  specimens  of  ethyl  camphoroxalate  at 
that  time  procurable  necessarily  contained  ethyl  oxalate  in  vary- 
ing proportion.  The  compound  crystallizes  in  colorless,  silky 
needles,  melts  at  193®  with  sudden  decomposition,  is  readily  solu- 
ble in  water  and  sodium  hydroxide  solution,  more  sparingly  in 
dilute  alcohol,  and  is  practically  insoluble  in  absolute  alcohol. 
It  gives  a  red  coloration  with  alcohol  and  ferric  chloride  after 
being  boiled  with  hydrochloric  acid,  but  oxalic  acid  could  not  be 
detected  in  the  solution.  The  readiness  with  which  it  explodes, 
on  heating,  rendered  the  analysis  so  diflBcult  that,  after  several 
unsuccessful  attempts,  further  effort  was  abandoned. 

Methylamine  and  Ethyl  Camphoroxalate, — The  ester  (5  grams 
=  I  mol.)  was  mixed  With  methylamine  hydrochloride  (4  grams 
=  3  mol.),  potassium  hydroxide  (3  grams  =  less  than  3  mol.) 
and  alcohol  (95  per  cent.,  50  cc.)  and  heated  underpressure,  at 
100°,  during  four  hours.  The  alcohol  was  removed  on  the  water- 
bath,  the  residue  treated  with  water,  and  extracted  with  ether. 
The  ethereal  solution,  after  drying,  was  distilled.  The  crystal- 
line residue  consisted  of  methyl  camphoformeneaminecarboxyl- 
meikylamide;  it  was  purified  by  repeated  crystallization  from 
benzene,  with  the  addition  of  light  petroleum,  and  was  deposited 
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11,  white  needles,  melting  at  130°.  The  compound  is  less 
'  soluble  in  benzene  than  the  ethyl  derivative  described 

and  is  somewhat  unstable  ;  on  this  account,  and  from  tbt 
Ity  of  completely  freeing  it  from  ash,  which  contained  iron 
ilysis  was  abandoned  after  several  unsuccessful  attempt 
£n  made. 

aqueous  liquid  remaining  after  the  removal  of  the  amitu 
idified  with  dilute  sulphuric  acid,  and  extracted  with  etiier 
fter  drying  and  distillation,  gave  only  a  small  residue  con 
■,  apparently,  of  impure  camphoroxalic  acid. 
ylamine  and  Ethyl  Camphoroxalaie . — The  experiment 
thylamine  were  carried  out  exactly  as  in  the  case  of  methyl 
,  the  quantities  of  materials  employed  being  este 
ims  ^  I  mol.),  ethylamine  hydrochloride  (3.2  grams  = 
),  potassium  hydroxide  (3  grams  =  less  than  a  mol.),  am 

cent,  alcohol,  ( 50  cc. ) ,  The  product,  ethyl  camphoforment 
:arboxylelhylamide,  readily  dissolves  in  ethyl  acetate  ani 
le,  but  is  insoluble  in  light  petroleum.  It  gives  no  colors 
ith  alcohol  and  ferric  chloride  solution,  but  even  whe 
d,  slowly  evolves  ethylamine.  It  is  deposited  from  ber 
after  two  crystallizations,  in  colorless  needles  melting  i 
The  yield  is  good.     The  compound  is  also  formed  b>'  th 

of  free  ethylamine  on  the  ester,   in    absolute  alcoholi 
m  at  100°,  underpressure. 
■lysis  : 
.1606  gram  substance  gave  0.6558  gram  carbon  dioxide  and  0.3161  grai 

.1336  gram  substance  gave  11. 8  cc.  nitrogen  at  18.5°  and  739  mm. 

Calculated  for 

C,H„<^V'^'"'"'     **',  . ^^-^ 

^ONH.CH,  I.  II. 

^bon 69.06  68.63 

hydrogen 9.35  9.64 

Nitrogen 10.07  ■  ■  9-9^ 

yl  Camphoroxalate  and  Methyl  Iodide. — ^The  ethyl  sa 
rams)  was  mixed  with  dried  silver  oxide  (3.5  grams),'  an 
1  iodide  (3  grams),  and  heated  in  a  sealed  tube,  at  100' 
',  four  hours.  The  product  was  filtered,  the  silver  con 
5  repeatedly  washed  with  ether,  and  the  combined  filtrat 
ashings  allowed  to  evaporate.  The  residue  did  not  ay: 
It  consisted  of  elhyl  methylcamphoroxalate  as  it  gav 

louder:/.  Oum,  Soc.  (Loodan),  jj,  719  (i^w}. 
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no  coloration  with  alcohol  and  ferric  chloride.  The  correspond- 
ing acid^ 

X:C(OCH,).CO.OH* 

was  obtained  by  hydrolyzing  the  preceding  compound  with  dilute 
aqueous-alcoholic  sodium  hydroxide  at  100°.  It  readily  crystal- 
lizes from  light  petroleum  in  large  hexagonal-shaped  prisms  and 
plates,  and  melts  at  95^-96°.  It  gives  no  coloration  with  alcohol 
and  ferric  chloride,  but  with  ammonium  hydroxide  and  calcium 
chloride  it  gives  a  white  precipitate  soluble  in  acetic  acid,  thus 
resembling  camphoroxalic  acid.  It  is  apparently  gradually  con- 
verted into  this  add  on  exposure  to  the  air. 

Ethyl  Campkoroxalaie  and  Acetone. — These  two  compounds  do 
not  appear  to  react  when  mixed  and  treated  with  sodium  in  equi- 
molecular  proportion,  in  the  presence  of  light  petroleum.  Some 
of  the  metal  immediately  dissolves,  but  the  remainder  is  not 
attacked  after  boiling  during  two  hours.  Sufficient  absolute 
alcohol  was  added  to  combine  with  the  sodium,  but  the  only 
product  which  could  be  eventually  isolated  was  camphoroxalic 
acid.  The  similar  negative  result  was  obtained  with  ethyl 
campkoroxalaie  and  camphor^  the  experiments  being  carried  out 
under  similar  conditions  to  those  just  described. 

Ethyl  Pyruvate. — This  compound  can  be  readily  prepared  by 
themethodof  esterfication  previously  described  (^loc,  cit, ) .  Pyruvic 
add  (50  grams)  is  mixed  with  95  per  cent,  alcohol  (500  cc.),  and 
cone,  sulphuric  acid  (80  cc. )  and  boiled  during  seven  hours.  The 
excess  of  alcohol  is  removed  on  the  water-bath,  the  acid  being 
simultaneously  neutralized  with  sodium  hydrogen  carbonate,  the 
product  poured  into  water,  extracted  with  ether,  and  the  ethereal 
solution  washed,  if  needful,  with  sodium  hydrogen  carbonate 
solution. 

Ethyl  Pyruvate  and  Camphor, — When  treated  with  camphor, 
(i  mol.)  and  sodium  wire  (1.5  atoms) ,  in  light  petroleum  solution, 
condensation  apparently  takes  place.  The  product  has  hitherto 
proved  difficult  to  purify ;  it  gives  a  deep  red  coloration  with  ferric 
chloride  and  alcohol. 

The  work  will  be  continued  and  extended  in  various  directions 
as  time  permits. 

Lewis  Ikbtitutb,  Chicago,  III. 
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SYNTHESIS  OF  DERIVATIVES  OF  DiriETHVLCYCLOPEN 
TANONE.  /3/S-DIMETHVLADIPIC  ACID,  AND  «>3^-TRl- 
riETHYLADIPIC  ACID.' 

SOME  time  since,  the  author  reported  on  the  synthesis  i 
2.33-trimethylcyclopeiitanone,'  and  its  identification  with 
ketone  previously  obtained  from  camphoric  acid  by  a  series  1 
easily  interpreted  reactions.  As  the  study  of  this  ketone  and  1 
related  compounds,  seems  likely  to  prove  of  some  impoTtance  i 
the  further  development  of  the  chemistry  of  camphor  and  of  tl 
terpenes,  it  appears  desirable  to  ^ve  in  greater  detail  the  methot 
osed  in  their  preparation. 

The  investigation  of  some  of  the  derivatives  of  cyclopentanoi 
involved  has  also  led  to  the  discovery  that  some  of  them  decon 
pose  in  a  manner  n'hich  is,  so  far  as  I  am  aware,  quite  new. 

Phosphorus  Tribromide. — Fifty  grams  of  yellow  phosphor 
were  dissolved  in  1 00  grams  of  carbon  disulphide  in  a  flask ,  the  L 
of  which  had  been  cut  off.  The  flask  was  connected  with  £ 
apright  condenser  by  means  of  a  piece  of  rubber  tubing  slippt 
over  both.  A  little  more  than  the  theoretical  amount  of  bromii 
(about  135  cc.)  was  measured  into  a  drop-funnel  which  was  tht 
hung  in  the  top  of  the  condenser.  The  bromine  was  then  allow* 
to  drop  as  rapidly  as  possible  without  the  escape  of  carbon  disc 
phide  or  bromine  vapors.  The  carbon  disulphide  boils  from  tl 
heat  of  the  reaction  and,  condensing  above,  dilutes  the  bromii 
as  it  Sows  down.  The  whole  of  the  bromine  may  usually  be  add< 
in  forty  to  fifty  minutes.  The  completion  of  the  change  of  tl 
phosphorus  to  the  tribromide,  is  indicated  sharply  by  a  chang 
from  yellow  to  a  reddish  color.  The  solution  is  then  distillf 
from  a  Ladenburg  bulb  till  a  temperature  of  165°  is  reache 
The  residue  is  sufGciently  pure  for  use.  A  small  addition 
amount  may  be  obtained  by  distilling,  in  the  same  manner,  tl 
portion  which  passes  over,  and  the  yield  is  then  almost  quaol 
tative. 

Isoamyl  Bromide,       CH,^ 

>CHCH,CH,Br. 

ch/ 

1  An  account  of  the  rceults  of  ibis  JnTcitigatian  wuglnnatthe  ChiiagD  meeting 
the  Society  but  some  details  completed  aince  then  are  included  in  the  present  piper. 
'  Am.  Clum.  J,,  aj,  laS ;  Btr.  d.  cIum.  Gtt..  33,  S4. 
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480  grams  of  fusel  oil  (boiling-point  128^-132**  and  consisting 
mainly  of  metbyl-3-butanol, 

CH.. 

>chch,ch,oh) 
ch/ 

were  put  in  a  flask  and  437  grams  of  the  phosphorus  tribromide 
were  added  in  portions,  with  constant  cooling,  the  whole  being 
added  within  half  an  hour.  The  mixture  was  allowed  to  stand 
over  night  and  was  then  warmed  for  a  couple  of  hours  on  the 
water-bath,  a  little  water  being  added  from  time  to  time  to  pre- 
vent much  evolution  of  hydrobromic  acid.  The  evolution  of 
hydrobromic  acid  indicates  that  the  reaction  takes  place  in  part 
with  the  formation  of  esters  of  phosphorous  acid,  but  the  hydro- 
bromic acid  formed  may,  if  retained,  still  react  with  the  esters  or 
with  amyl  alcohol.  The  mixture  separated  into  two  layers.  The 
lower  layer  was  separated  and  distilled  slowly,  with  the  addition 
of  some  pieces  of  porous  tile  to  prevent  bumping,  till  a  tempera- 
ture of  140^  was  reached  by  a  thermometer  in  the  liquid. 

The  distillate  was  mixed  with  the  portion  of  isoamyl  bromide 
previously  separated,  and  the  whole  shaken  twice  with  sulphuric 
add  which  had  been  diluted  with  an  equal  volume  of  water,  to  re- 
move hydrobromic  add,  twice  with  concentrated  sulphuric  add,  to 
remove  amyl  alcohol,  then  with  water  and  with  a  solution  of 
sodinm  carbonate,  and  finally  with  dry  sodium  sulphate  to  dry 
and  clear  it.  After  filtering,  it  is  suffidently  pure  for  the  present 
use.    Yidd,  636  grams,  or  88  per  cent,  of  the  theory. 

hocaproic  Acid^ 

CH.. 

>CHCH,CH,CO,H 
CH,/ 

(metliyl-4-pentanoic  add). — ^The  only  method  of  preparing  iso- 
amyl cyanide  given  by  Beilstein,  is  from  isoamyl  chloride.  The 
nse  of  the  bromide  gives,  in  my  experience,  at  least,  very  much 
better  yields.  For  the  preparation  of  isocaproic  acid,  the  sepa- 
ration of  the  cyanide  is  not  necessary.  280  grams  of  potas- 
sium cyanide  were  dissolved  in  300  cc.  of  hot  water,  1250  cc.  of 
alc»hol.  and  636  grams  of  amyl  bromide  were  added,  and  the 
whole  boiled  on  a  water-bath  in  a  flask  connected  with  an  upright 
condenser  for  twenty-four  hours.  The  solution  was  then  poured 
from  the  potassium  bromide,  which  separated,  into  a  second  flask 
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taining  350  grams  of  caustic  potash,  and  the  boiling  contin 
twenty-four  hours  longer.  The  solution  was  transferred 
;e  porcelain  dish  and  evaporated  with  the  addition  of  va 
the  alcohol  was  removed.  The  residue  was  transferred 
k  containing  400  cc.  of  dilute  sulphuric  add  (1:1  by  volun 
the  isocaproic  acid,  which  separated,  was  distilled.  The : 
ition  was  extracted  once  with  ligroin.  The  yield  was 
ms,  or  82  per  cent,  of  the  theory. 

'he  method  here  given  for  the  preparation  of  isocaproic 
F  be  used  with  advantage  in  the  preparation  of  other  a 
especially  in  the  preparation  of  propionic  add,  but  reqii 
e  modification  in  details. 
^ocaproladone, 

CH,. 

>C— CH,CH,CO 
CH  /  I  I 

O 1 

nethyl-r.4-pentanolide). — 300  grams  of  isocaproic  add 
grams  of  sodium  hydroxide  were  dissolved  in  900  cc 
er,  the  solution  was  cooled,  and  4.5  liters  of  a  10  per  c 
htly  warm  solution  of  potassium  permanganate  were  adde 
tions  of  500  cc.  at  a  time,  at  intervals  of  one-half  hour  to 
r.  Considerable  heat  is  produced  by  the  reaction  and  ei 
heating  is  not  necessary.  A  temperature  of  so^-fo"  se 
e  most  desirable.  The  final  decolorization  of  the  pern 
ate  may  be  hastened  by  warming  on  the  water-bath, 
ate  and  washings  from  the  oxides  of  manganese  were  1 
trated  to  about  600  cc.  and  poured  into  350  cc.  of  dilute 
ric  add  (1:1  by  volume).  The  mixture  of  isocaproic 
lactone  was  separated  from  the  acid  solution  and  the  la 
distilled  with  steam  till  about  a  liter  had  passed  over, 
ture  of  add  and  lactone  was  shaken  with  the  distiUaK 
:ions  of  300  cc.  at  a  time,  separating  the  aqueous  sola 
1  time,  and  then  with  water  in  the  same  manner  till  4 ' 
-s  have  been  used.  By  this  treatment  the  lactone  gradu 
Ks  into  the  aqueous  solution,  while  most  of  the  unchan 
aproic  acid  remains  behind.  If  an  emulsion  forms,  a  li 
ain  can  be  added  to  dear  the  solution  and  does  not  seem 
rfere  with  the  extraction  of  the  lactone  by  the  water. 
:  desired,  the  amounts  of  add  and  lactone  in  the  succes 
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aqueous  extracts  can  be  followed  approximately  by  titrating  with 
tenth-normal  caustic  potash,  with  phenolphthalein  as  an  indicator. 
The  direct  titration  of  the  cold  solution  gives  the  amount  of  acid; 
then  on  adding  an  excess  of  the  alkali,  warming  in  a  covered 
flask  on  the  water-bath  for  a  few  minutes,  and  titrating  back  with 
tenth-normal  acid,  the  difference  between  the  excess  of  alkali 
added  and  the  acid  used,  corresponds  to  the  amount  of  lactone 
present. 

The  residual  isocaproic  acid  is  distilled  to  a  temperature  of  190^ 
to  remove  the  ligroin,  and  may  then  be  used  for  a  new  oxidation. 

The  aqueous  solution  is  then  made  strongly  alkaline  with 
sodium  hydroxide,  making  sure  enough  is  present  to  combine 
vith  all  of  the  lactone,  and  warming  the  solution  at  first  in  a 
flask  to  avoid  loss.  It  is  then  evaporated  to  a  volume  of  200  cc. 
or  less,  poured  into  dilute  sulphuric  acid,  the  mixture  of  acid  and 
lactone  separated,  and  the  solution  extracted  several  times  with 
ether. 

The  mixture  of  lactone  and  acid  is  then  exactly  neutralized  with 
a  30  per  cent,  solution  of  potassium  hydroxide,  added  in  portions, 
the  mixture  being  shaken  and  cooled  quickly  after  each  addition. 
Fifteen  to  20  grams  of  dry  potas.sium  carbonate  are  added  and  the 
solution  is  extracted  repeatedly  with  ether.  After  extraction 
the  alkaline  solution  is  acidified,  the  isocaproic  acid,  which  sepa- 
rates, is  added  to  the  mixture  of  lactone  and  acid  obtained  by  a 
Bew  oxidation,  and  the  aqueous  solution  is  also  distilled  with 
steam  to  recover  some  of  the  lactone  which  it  retains. 

The  ethereal  solutions  are  dried  with  a  little  sodium  sulphate 
and  distilled.  If  enough  potassium  carbonate  was  used  to 
remove  all  of  the  isocaproic  acid  a  pure  lactone  is  obtained  by 
one  distillation.  The  boiling-point  is  2o8°-2o8°.5  and  the  melt- 
ing-point 10°.  Bredt  and  Fittig  give  the  boiling-point  as  207°' 
and  melting-point  as  7^-8°.*  The  yield  is  35  to  40  per  cent,  of 
the  portion  of  the  isocaproic  acid  oxidized.  Bredt  and  Fittig 
obtained  a  yield  of  25  to  30  per  cent. 

y-  Chloroisocaprotc  Ester,  * 


CH, 


\ 


ch/ 

'  Ann.  Chtm  (Uebig),  m8,  i'<. 

'  rtrf.,  MO,  260. 

'  Bwdt :  Btr.  d.  chem.  (7€i..  19,  514. 
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In  the  original  synthesis  of  trimethyicyclopentauone 
^'bromisocaproic  ester  was  used.  It  has  been  found  that  t 
yields  are  obtained  by  the  use  of  the  corresponding  chl 
derivative.  Fifty  grams  of  the  lactone  were  mixed  with  i; 
of  absolute  alcohol  and  the  solution  in  a  bottle,  surrounded 
cold  water,  was  saturated  with  hydrochloric  acid  gas,  fro 
to  lOO  grams  being  required.  After  standing  over  nigh 
solution  was  poured  on  crushed  ice,  the  ester,  which  sepat 
washed  two  or  three  times  with  a  little  salt  water,  dried 
sodium  sulphate  and  filtered.  The  aqueous  solution 
extracted  two  or  three  times  with  low  boiling  Itgroin,  the  11; 
being  distilled  away  under  diminished  pressure.  '  The  yield 
*o  73  grams,  or  90  to  93  per  cent,  of  the  theor>'. 
Dimetkylcya  nca  rboxethyltyclopcn  ianone, 
C,HjCO,s. 

>C— CO 
CN/   I         I 

CH,. 
CH,.     I         I 


> 


--CH, 
CH/ 


The  preparation'  of  this  substance  and  proof  of  its  structure' 
been  given.  In  its  further  preparation,  250  grams  of  bro 
caproic  ester  gave  25  grams  of  the  pure,  crystallized  subst 
Better  yields  could  probably  be  obtained  by  the  use  of  the  ( 
isocaproic  ester,  but  this  has  not  been  tried. 

When  the  substance  is  boiled  with  dilute  hydrochloric  a( 
decomposes  very  slowly  with  evolution  of  carbon  dioxide 
sealed  tubes,  at  i50°-i6o°,  the  decomposition  is  more  rapit 
still  requires  two  or  three  hours.  The  products  of  decompo 
are  acetic  acid,  isocaprolactone,  and  carbon  dioxide.  The  la 
boiled  at  206 "-209°  and  was  analyzed,  giving  62.83  percei 
carbon  and  8.62  per  cent,  of  hydrogen.  Theory  requires' 
and  8.77  per  cent.  The  silver  salt  gave  44.92  per  cent,  s: 
Theory  requires  45,  ig  per  cent. 

When  saponified  with  alcoholic  potash,  malonic  acid,  me 
at  133°,  and  isocaprolactone,  boiling  at  2o8''-2o9°  and  meltir 
10°,  were  obtained. 

The  decomposition  here  described  is,  of  course,  related  t 


DIMETHYLCYCLOPENTANONE,    ETC. 


397 


"add  decomposition"  of  acetacetic  ester  and  its  derivatives,  but 
I  do  not  recall  any  other  case  in  which  a  carbon  atom  is  removed 
from  a  ring  and  replaced  by  oxygen  in  this  manner.  A  similar 
case  will,  however,  be  described  further  on,  and  the  decompo- 
sition will,  undoubtedly,  be  found  typical  for  bodies  of  .similar 
stnicture. 

So  far  as  the  purpose  of  the  experiments  in  working  toward 
a  synthesis  of  camphoric  acid  is  concerned,  the  result  was,  of 
conrse,  disappointing.  At  the  end  of  a  considerable  amount  of 
work,  the  original  lactone  was  obtained  instead  of  the  dimethyl- 
carboxethylcydopentanone,  which  had  been  sought. 

3^'Dimethyl  2  ^2-dicarboxethyl  cyclopentanone  ^ 

C,H,CO,. 

>C— CO 
C,H,CO/ 


CH, 
CH, 


> 


CH,. 
C— CH, 


115  grams  of   sodium   were  dissolved   in    130  cc.    of  absolute 

alcohol,  85  grams  of  pur^  malonic  ester  were  added  and  89  grams 

of  the  ^-chloroisocaproic  ester.     The  mixture  was  heated  on  the 

water-bath  from  four  to  six  hours;  most  of  the  alcohol  was  then 

distilled  by  heating  on  the  \vater-bath  under  diminished  pressure. 

The  residue  was  cooled,  water  added,  and  the  oil  which  separated 

was  dried  with  sodium  sulphate  and  fractioned  under  diminished 

pressure,  the  lower  boiling  portions  being  distilled  twice.     The 

aqueous  solution  was  also  extracted  once  or  twice  with  ether. 

The  portion  boiling  below  80°   under  a  pressure  of  20  mm., 

consists  mainly  of  pjToterebinic  ester, 

CH.V 

>C--CHCH,CO,C,H,. 
CH/ 

that  from  90**  to  100°  of  malonic  ester  with  some  chlorisocaproic 

ester,  and  that   from  i7o°-i8o*'  of  the  dimethyldicarboxethyl- 

cyclopentanone.     The  yield  of  the  last  compound  was  about  20 

per  cent  of  the  weight  of  the  chlorisocaproic  ester  used. 

'  When  malonic  ester  is  prepared  by  the  method  de8cril>ed  in  this  Journal.  i8,  1105 
(^^)i  it  contains  considerable  amounts  of  cyanacetic  ester,  and  the  conversion  to 
Bialonic  ester  is  not  complete  after  many  hours' heating  of  the  acid-alcoholic  solution. 
"Jfhe ester  prepared  by  Claissen's  method,  Ann.  Chem.  (Ijebig).  ai8,  131,  would  probably 
contain  some  of  the  same  impurity.  For  the  present  purpose  a  pure  ester  prepared  from 
calcittm  malonate  is  required. 


e  pyroterebinic  ester  may  be  ijaponified  with  alcoholic  pol 
^roterebinic  acid  converted  into  isocaprolactone  by  bo: 
short  time  with  dilute  sulphuric  acid  (i  :  i  by  volume) 
itter  purified  by  treatment  with  potassium  hydroxide 
slum  carbonate  as  before.  The  recovered  malonic  ■< 
of  course,  be  used  repeatedly. 

nethyldicarboxethylcyciopentanone  is  a  uearly  colorles! 
1  boils  at  idj^-idg"  under  a  pressure  of  14  mm. 
]i  gma  gave  0.1318  gram  water  and  0.4086  gram  carbon  dioxide. 
sS  gram  gave  o.  1594  gram  water  aad  0.4892  gram  carbon  dioxide. 
CalculBted  for  Pound. 

Ci,HwO,.  I.  II. 

Carbon 00.94  S0.83  60.43 

Hydrogen 7.77  8,06  8.01 

len  dimethyldicarboxethylcyclopentanoue    is  sapouifiei 

ling  with  an  excess  of  alcoholic  potash  or  soda,  it  bi 

in     the    same     manner     as     dimethylcyancarboxei 

pentanone      (p.  396),  giving    malonic     and     hydrox) 

<ic  acids.     In  some  cases,  by  careful  saponification  in  a 

ion,  there  was  obtained  a  small  amount  of  the  tribasic 

CH,\  /CO,H 

>C— CH< 

ch/  I        N:o,H 

CH,— CH.CO.H, 
.t  one  time  it  was  thought  that  this  acid  was  formed  b; 
lification  of  the  cyclic  compound.     A  further  study  o 
;r,  however,  makes  it  very  probable  that  the  tribasic 
ormed  chiefly,  if  not  altogether,  from  a  small  amount  o 
of  that  acid  which  had  failed  to  condense  to  the  cyclic  1 
d.     In  one  case,  a  considerable  amount  of  dimethylai 
ivas  found  among  the  products   of  the  saponification, 
ites  that  the  cyclic  compound  had,  in  part,  undergon< 
lie  decomposition,  giving  the  compound 
CH 

>C CH— CO,C,H. 

CH/   I  I 

I  CO 

1  I 

CH,— CH, 
would  then  saponify  to  Vil/S-dimethyladipic  acid.     It  is 
ble,  however,  that  the  ester  of  the  tribasic  acid  detomf 
y  on  distillation,  forming  the  ester  of  dimethyladipic  aci 
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Triethyl  Ester  ofj^-  Trimethylhexanoic,  r,2\6  Acid, 

*CH,.  /CO  AH, 

>C— CH< 
CH/    I  \C0,C,H, 

CH— CH— CO,C,H, 

When  8.5  grams  of  sodium  are  dissolved  in   140  cc.  of  absolute 

alcohol  and  the  solution  is  dropped  slowly,   during  two  or  three 

hours,  into  a  mixture  of   66  grams  of  chlorisocaproic  ester  and 

75  grams  of  pure  malonic  ester,  the  ester  of  the  tribasic  acid  is 

formed  and  its  condensation  to  the  cyclic  ester  is  largely  pre- 

Tented.     After  heating   for  an  hour    longer,   the  product  was 

treated  as  described  above  under  the  cyclic  compound.     Ten  grams 

of  the  ester  boiling  at  i5o°-i72°,    under  a   pressure  of  15  mm., 

were   obtained.      The  boiling-point  is   apparently   very   nearly 

the  same  as  that  of  the   dimethyldicarboxethylcyclopentanone. 

Analysis  I,  below,  was  made  with  the  ester  prepared  as  described, 

and  distilled  but  once.     Analysis  II   was  with  an  ester  prepared 

from  the  pure  crystallized  acid  by  treatment  with  alcohol  and 

hydrochloric  acid  as  usual. 

I.  0.2467  gram  gave  o.  1865  gram  water  and  0.5374  gram  carbon  dioxide. 
II.  0.16 1 2  gram  gave  0.1276  gram  water  and  0.3521   gram  carbon  dioxide. 

Found. 

II. 

59.58 

8.80 


Calculated  for 

Ci6H-eO«. 

I. 

c« 

—  180  —    59.60 

5900 

H« 

26  --      8.61 

8.40 

0. 

r    96  .^-  31.79 
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lyTriTneihylhexaninC'i ,2\6  Acid,  obtained  from  the  ester  by 
saponification,  crystallizes  from  water  in  compact  crystals  which 
melt  at  i65°-i75°  with  decomposition,  the  temperature  of  melting 
being  dependent  on  the  rate  of  heating.  The  acid  is  very  diffi- 
cultly soluble  in  ether,  and  rather  difficultly  soluble  in  cold  water. 

0.2791  gram  gave  0.1629  gram  water  and  0.5047  gram  carbon  dioxide. 

Calculated  for 

C9Hi40«.  Pound. 

Carbon 49.54  49.32 

Hydrogen 6.42  6.49 

The  calcium  salt,  Ca,(C,H„0,)2  +  5H.^0,  was  prepared  by  dis- 
^Iving  the  acid  in  ammonia,  adding  calcium  chloride  and  heating 
the  solution  on  the  water-bath.  The  salt  which  separated  was 
filtered  ofF,  dissolved  in  cold  water  and  the  salt  precipitated  a 
second  time  by  warming  and  evaporating  the  solution.     The  salt 
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oderately  soluble  in  cold  water,  and  much  less  solubl 
cater.  The  portion  which  separates  on  warming  the  ! 
dissolves  on  cooling,  while  the  calcium  salt  of  dimethylai 
which  separates  on  warming,  does  not  redissolve  on  coo! 
e  facts  may  be  used  to  advantage  in  separating  mixtun 
wo  acids. 

le  salt  dried  over  sulphuric  acid  lost  13.69  per  cent,  w 
»ry  requires  for  5H,0   14.06  percent.     The  dry  salt 
)  per  cent,  calcium.     Theory  requires  21. Si  per  cent. 
^-Dimelkyladipic  Acid, 

>C— CH— CO,H 

ch/  I 

CH,CH,— CO,H 
rmed  quantitatively,  when  the  acid  last  mentioned  is  h< 
short  time  to  300°.     The  acid  is  easily  soluble  in  hot  \ 
in  ether,  difficultly  soluble  in  cold  water,  and  almost  insd 
[roin.     It  crystallizes  from  water  in  small  plates.     It  mel 

)53  gram  gave  o.  1490  gram  water  and  0.3160  gram  carbon  dioxide 
•34  gram  gave  0.1401  gram  water  and  0.3916  gram  carbon  dioxide 

Hydrogen . 
1 1 36  gram  of  the  acid  took   1 
>h.     Theory  requires  13.05  cc, 

[e  caUiiim  sail,  Ca(C,H|,0,)+«H,0,  is  most  easily  prei 
issolving  the  acid  in  ammonia,  adding  calcium  chloride 
ig  the  solution.  No  precipitate  forms  till  the  solutit 
led.     The  salt,  when  once  formed,  is  difficultly  solubli 

be  crj'stallized  by  evaporating  its  solution,  when 
sited  in  pearly  scales.  The  salt  prepared  in  this  mannei 
}  per  cent,  of  water  at  140°,  while  that  prepared  by  pn 
a  lost  only  6.18  percent.  The  dried  salts  gave,  respecti' 
t  and  19, 16  per  cent,  of  calcium.     Theory  requires  18.8; 

le  silver  salt  was  prepared  by  adding  silver  nitrate  to  a  ; 
Df  the  calcium  salt.  It  is  almost  entirely  insoluble  in  w 
analysis  gave  55.38  per  cent,  silver.     Theory  requires  « 


ilcuUtrd  for 
C,M,,0,. 
55. '7 
8.05 

Found. 

55  ■»9              55-36 
8.07                8.05 

d  took   1; 

5.13  cc.  tenth-normal  ca 
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sail  is  precipitated  as  a  green  powder  on  adding 
e  to  an  aqueous  solution  of  the  acid, 
ago  Tiemann'  obtained  from  ionone  an  add  which 
0  be  ^/S-dimethyladipic  acid  and  which  melted  at  87°.. 
thyladipic  acid  which  be  describes  melts  at  the  same 
'  Baeyer'  has  also  obtained  a  dimethyladjpic  add 
rt  Sy'-SS'by  the  oxidation  of  tetrahydroeucarvone. 
imply  that  his  acid  is  the  ^>9-acid  but  does  not  make 
tement  to  that  effect.  Since  ^>9-dimelhyladipic  add 
symmetric  carbon  atom,  stereoisomerism  is  extremely 
ad  no  evidence  of  its  existence  has  appeared  in  my 
body.  It  would  seem,  therefore,  that  if  the  adds 
Piemann  and  Baeyer  were  pure,  they  must  possess 
ture  than  that  ascribed  to  them. 
tier  0/  s.^yTrimelhylhexanoic  i,a',6  Acid, 
CO,C,H, 
CH,- 


CH, 


CO,C,H. 
V:— CH— CH,— CO,C,Hs 


CH/ 

ion  of  this  compound  by  the  coudensation  of  ^-brom- 
er  with  the  diethyl  ester  of  methyl  malonic  acid  has 
d.*  It  has  been  found  that  to  obtain  a  pure  product, 
alonic  add  must  be  purified  by  crystallization  from 

freed  from  malonic  add,  which  it  will  contain  if 
he  condensation  of  malonic  ester  with  methyl  iodide, 
mproved  somewhat  by  the  use  of  ^'-chlorisocaproic 

of  the  bromine  derivative  but  it  is  always  poor, 
lod  of  preparation  consists  in  the  condensation  of 
ster  of  the  tnmethyt  hexanoic  add  d^cribed  above 
I  methyl  iodide  by  means  of  sodium  ethylate. 
thyladipit  Acid, 

CH,— CH— CO,H 
CH..     I 

>c— ch,ch,co,h 
ch/ 

Gt,..  Jl.  »6o,  S(l4. 


tm.  So£.  (f^ndoB).  40,  £ 
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This  acid  is  formed  when  the  33-trimethylbexanoic-i,3',6a 
heated  for  a  short  time  to  200".  It  appears  to  exist  in 
forms,  a  futnaroid  and  a  maleinoid  form.  Only  the  forme 
thus  far  been  obtained  pure.  The  acid  was  purified  by  ory. 
zation  from  water  and  from  ether.  It  is  difficultly  solubleii 
water  and  in  ether,  almost  insoluble  in  ligroin.  It  crjsta 
from  water  or  from  ether  in  leaflets  which  melt  at  136°. 

0.1637  gram  of  the  acid  gaveo.iaS6  gram  water  and  0.3414  graini 
dioxide. 


Hydrogen.  ■ 


Havte,  Isi).,  April  55. 19 


[Contribution  from  thk  Chemicai,  Division,  U.  S.  Departme 

Agriculture,  No.  41.— Sent  by  H.  W.  Wiley.] 
A  NEW  INDICATOR  FOR  U5E    IN    DETERniNINO  T( 
ACIDITY  OF  WINES.' 

Bv  E.  C.  Rlnvas. 

IN  maintaining  a  chemical  control  of  a  beet  sugar  house, 
often  necessary  to  determine  by  some  rapid  method  the  e 
of  alkali  in  the  juices,  sirups,  and  massecuites.  The  usual  m 
is  to  titrate  the  material  with  a  standard  acid  .solution.  As 
products  vary  in  color  from  a  light  amber  to  a  dark  bro^ 
nearly  black,  the  ordinary  indicators  often  give  very  unsa: 
tory  results,  or  fail  entirely,  on  account  of  the  difficulty  of  i 
the  end  reaction. 

To  meet  this  difficulty,  a  French  chemist,  L.  Lachaux,in 
proposed  a  mipcture  of  corallin  and  malachite  green'  prepar 
follows : 

Three  and  one-tenth  grams  of  corallin  or  commercial  i 
acid  are  dissolved  in  150  cc.  of  90  per  cent,   alcohol,  neutr 
and  mixed  with  0.5  gram  malachite  green  dissolved  in  50 
alcohol.     With  this  mixture,  alkalies  give  a  purple  color, 
is  changed  to  a  green  by  acids. 

Malachite  green  dissolves  in  alcohol  yielding  a  greenish 

1  R«d  before  Ihe  Washington  Seaton  of  the  Araeriain  Cbemloil  Society.  « 
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solution,  which  possesses  no  value  as  an  indicator  by  itself,  but 
when  mixed  with  corallin  it  blends  with  the  colors  of  that  indi- 
cator and  renders  the  end  reaction  more  distinct.  As  only  the 
corallin  in  this  mixture  acts  as  an  indicator,  it  follows  that  this 
corallin-malachite  mixture  can  be  used  in  titrating  only  those  acids 
and  bases  which  give  a  distinct  end  reaction  with  corallin  alone. 

Recently  I  had  occasion  to  make  use  of  this  indicator  in  deter- 
mining the  amount  of  alkali  in  a  highly  colored  sample  of  beet 
molasses  and  obtained  very  satisfactory  results.  It  occurred  to 
me  at  once  that  this  indicator  might  be  used  advantageously  in 
determining  the  total  acidity  of  such  highly  colored  products  as 
wines,  vinegars  and  ciders,  since,  as  is  well  known,  the  present 
methods  are  far  from  satisfactory  in  the  case  of  red  or  highly 
colored  wines.  The  method  adopted  by  the  Association  of 
Official  Agricultural  Chemists  for  the  determination  of  total  acid- 
ity in  wines  is  as  follows  : 

"Transfer  10  cc.  of  the  sample  to  a  beaker,  and  in  case  of  white 
wines  add  about  10  drops  of  a  neutral  litmus  solution,  and  titrate 
with  decinormal  sodium  hydroxide  solution  until  the  red  color 
changes  to  violet.  In  case  of  red  wines,  continue  adding  a  few 
drops  at  a  time  of  alkali  solution,  until  a  drop  of  the  mixture 
placed  on  delicate  red  litmus  paper  shows  an  alkaline  reaction.'* 

Another  method  in  use  by  some  chemists  is  to  dilute  10  cc.  of 
the  wine  to  about  300  cc.  with  boiling  distilled  water,  heat  the 
mixture  to  boiling  for  a  moment  to  expel  carbon  dioxide,  add  a 
few  drops  of  phenolphthalein  solution  and  titrate  with  decinormal 
sodium  hydroxide  solution. 

Any  one  who  has  ever  tried  either  one  of  the  above  methods 
with  a  claret  or  other  red  wine,  will,  I  think,  agree  with  me  that 
the  determination  of  the  exact  point  of  neutrality  is  very  uncer- 
tain. 

To  test  the  corallin-malachite  indicator  in  comparison  with 
phenolphthalein  and  litmus,  three  samples  of  wine  were  procured  : 
(i)  a  claret,  as  a  type  of  red  wine;  (2)  a  Rhine  wine  for  the 
white  type  ;  and  (3)  a  sherry  for  the  medium  color.  In  this  ex- 
periment the  following  method  was  employed  : 

Transfer  10  cc.  of  the  sample  to  a  beaker,  dilute  with  about 
300  cc.  of  boiling  distilled  water,  heat  the  mixture  to  boiling  for 
a  moment  to  expel  all  carbon  dioxide,  cool  to  about  75®,  add  10 
drops  of  the  corallin-malachite  solution,  then  add  ah  excess  of 


^' 
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cinormal  sodium  hydroxide  solution,  indicated  by  a  pnqi 
lor,  titrate  the  excess  of  alkali  with  dednormal  acid  solutio 
ding  the  acid  solution  slowly  until  the  appearance  of  a  distin 
een  color.  The  change  in  color  is  best  observed  by  transmitt 
;ht.  A  trial  showed  that  it  was  easier  to  detect  the  transitii 
>in  the  alkali  to  the  add  side  than  the  reverse. 
With  pttenolphthalein  and  litmus,  slightly  more  of  the  indicat 
IS  used  and  the  decinonnal  soda  solution  added  slowly  to  tl 
int  of  neutrality  as  near  as  that  could  be  determined.  The  i 
Its  are  expressed  as  usual  in  terms  of  tartaric  acid,  i  cc.  dei 
nnal  sodium  hydroxide  solution  --  0.0075  gr&ni  tartaric  ad 
le  following  are  the  results  obtained : 

Grams  Tartaric  Acid  in  icm  cc.  op  Wins. 


I.  Claret.. 


E.  Rhine  w 


Pheoolpblhalciii. 


0.S70 
0.880 
o^ 

Average 0,867 

ine 0.705 

0.710 
0-70S 
0.695 


0.435 


Average 0.438  0.479  0-464 

The  results  obtained  with  corallin-malachite  are  invariat 
ver  than  those  obtained  with  the  other  indicators,  but  this  n 
be  expected  when  we  consider  that  with  the  corallin-malachi 
:  titration  was  made  toward  the  acid  reaction,  and  with  t 
ler  indicators  it  was  made  toward  the  alkali  side. 
The  greatest  difference  appears  in  the  results  on  the  claret 
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red  wine,  where  in  case  of  phenolphthalein  and  litmus  it  was 
necessary   to    add    a    decided    excess    of    alkali     before    the 
change  of  color  could  be  detected.     I  am  inclined,   therefore,   to 
believe  that  the  results  with  corallin-malachite  more  nearly  rep- . 
resent  the  true  figure  for  total  acidity  of  this  sample. 

To  test  the  sensitiveness  of  the  corallin-malachite,  5  drops  of 
the  mixture  were  added  to  100  cc.  of  distilled  water,  when  o.  i 
cc.  of  0.0 1  normal  hydrochloric  acid  solution  or  o.oi  normal 
sodium  hydroxide  solution  was  sufficient  to  give  a  distinct  acid  or 
alkali  reaction. 

In  the  presence  of  other  coloring-matters,  slightly  more  of  the 
standard  solutions  was  required. 

In  consideration  of  the  encouraging  results  obtained  with  this 
corallin-malachite  mixture  in  my  hands,  I  feel  justified  in  recom- 
mending this  indicator  to  the  attention  .of  chemists  engaged  in 
the  analysis  of  wines,  vinegars,  ciders,  and  similar  products. 


THE  ESTinATION  OF  CARBONIC  ACID  IN  WATER. 

By  JofiEPH  W.  Bllms  and  Jay  C.  Beneker. 

Received  May  lo,  1901. 

THE  estimation  of  carbonic  acid  is  of  considerable  importance 
in  the  technical  analysis  of  water.  In  the  softening  of 
water  for  manufacturing  purposes  and  in  the  purification  of  public 
water  supplies,  where  certain  processes  are  employed,  an  accurate 
knowledge  of  the  amount  of  this  constituent  is  essential  to  a 
proper  treatment  of  the  water.  "  Moreover  in  the  sanitary  analysis 
of  sewage,  of  effluents  from  sewage  purification  plants,  and  of 
polluted  waters  generally,  a  determination  of  the  amount  of  car- 
bonic acid  present  may  throw  considerable  light  on  the  nature 
and  extent  of  the  chemical  and  bacterial  changes  which  are 
taking  place. 

CONDITION  IN  WHICH  CARBONIC  ACID  EXISTS  IN  NATURAL 

WATERS. 

Before  discussing  the  methods  usually  employed  for  the  esti- 
mation of  carbon  dioxide  in  water,  and  the  principles  upon  which 
these  methods  are  based,  it  may  be  well  to  consider  in  what  forms 
of  combination  carbon  dioxide  exists  in  water  and  to  define  the 
Afferent  terms  which  are  used  to  designate  them. 

The  carbonates  which  are  commonly  found  in  natural  waters 
are  those  of  calcium  and  magnesium.     The  normal  carbonates  of 
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se  bases  are.  relatively  speaking,  but  sparingly  soluble 
iter.  If,  however,  more  than  enough  carbon  dioxide  be  pr 
t  to  unite  with  the  oxides  of  calcium  and  magnesium  to  f» 
i  compounds  CaCOj  and  MgCO,,  the  solubility  of  these  sa 
much  increased.  It  is  generally  assumed,  that  when  there 
Esent  one  extra  molecule  of  carbon  dioxide  for  each  molec 
calcium  carbonate  or  of  magnesium  carbonate,  corapoui 
the  character  of  sodium  bicarbonate  exist,  although  si 
Its  have  never  been  isolated.  These  salts  are  presumed  to  hi 
e  composition  represented  by  the  formulas  Ca(HCO,),  i 
g(HCO,),.  respectively. 

The  gas  carbon  dioxide  (CO,)  is  quite  soluble  in  water  e 
^refore  may  exist  in  natural  waters  in  amounts  greater  thai 
quired  to  form  the  bicarbonates  of  the  alkaline  earth  bases  wh 
ly  be  present.  It  is  usually  considered  that  carbon  dioxide  tl 
solved  in  the  water  exists  as  a  true  acid  having  the  form 
,CO,. 

From  the  above  it  is  evident  that  there  are  three  condition; 
lich  carbon  dioxide  may  be  present  in  natural  waters.  If 
rbon  dioxide  is  not  combined  with  any  base,  it  is  spoken  of 
Free  carbonic  acid;"  if  it  is  combined  indirectly  with  the  b 
in  the  form  of  the  bicarbonates,  it  is  termed  "  half  bound  c 
nic  acid  ;"  and  if  directly  united  to  the  bases  as  in  calcium  i 
ignesium  carbonates,  it  is  called  "  fixed  carbonic  acid,"  1 
m  of  the  amounts  of  the  carbonic  acid  found  in  these  three  fo: 
usually  spoken  of  as  the  "total  carbonic  acid."  The  carbt 
id  that  is  expelled  on  heating  aqueous  solutions  contain 
her  "free"  or  "half-bound  carbonic  acid"  or  both  is  soi 
nes  spoken  of  as  "  volatile  carbonic  acid." 
Natural  waters  carry  varying  amounts  of  carbonic  acid,  depe 
J  on  the  character  of  the  geological  formations  with  which  tl 
ve  come  in  contact.  Ground  waters  having  probably  b 
der  greater  pressure  usually  contain  more  carbonic  acid  tl 
rface  waters.  Moreover  ground  waters  which  become  expo 
the  air  lose  the  larger  proportion  of  their  free  carbonic  a 
d  may  even  part  with  some  of  their  half-bound  and  fixed  < 
nic  acid.  The  loss  of  the  latter  results,  of  course,  from  a  prec 
:ion  of  carbonates  (calcium  carbonate  principally),  as  a  re! 
the  loss  of  some  of  the  half-bound  carbonic  acid. 
It  was  found  that  the  ordinary  distilled  watex  of  the  laborat 
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might  contain  from  6  to  lo  parts  per  million  of  free  carbonic  acid. 
It  was  necessary  to  boil  off  lo  to  15  per  cent,  of  the  original 
volnme  of  such  a  water  in  order  to  free  it  completely  from  the 
gas,  A  water  thus  freed  from  carbonic  acid  absorbs,  when  ex- 
posed to  the  air,  more  or  less  carbon  dioxide  depending  on  the 
amount  present  and  on  the  temperature  and  pressure.  Two 
samples  of  distilled  water  free  from  carbonic  acid  were  exposed  in 
beakers  to  the  air  of  the  laboratory  in  which  the  temperature  was 
approximately  16®  C. 

A.  •                 B. 

Free  carbonic  add.  Free  carbonic  acid. 

Parts  per  million.  Part«  per  million. 

Original  water o  o 

After  twenty-foar  hours 2.2  2.2 

After  forty-eight  hours 15.0  13. 2 

After  seventy-two  hours 0.9  0.9 

The  great  variation  in  the  amounts  obtained  was  probably  due 
to  the  differing  quantities  of  carbonic  acid  present  in  the  atmos- 
phere of  the  laboratory  on  the  particular  day  the  samples  were 
examined.  On  the  second  day  a  carbonic  acid  generator  was  be- 
ing used  in  the  laboratory  and  considerable  gas  was  also  being 
burned. 

Waters  containing  large  amounts  of  calcium  bicarbonate  and 
free  carbonic  acid,  not  only  lose  their  free  but  also  a  por- 
tion of  their  half -bound  carbonic  acid,  when  exposed  to  the 
air  for  any  length  of  time.  The  excess  of  calcium  carbonate 
(CaCO,)  is  thereby  precipitated  and  the  solution  grows  weaker 
in  lime,  until  a  state  of  equilibrium  is  reached. 

The  following  experiments  illustrate  the  action  of  a  strong 
solution  of  calcium  bicarbonate  (Ca(HCO,)j,),  when  exposed 
to  the  air  of  the  laboratory. 

A.  B. 

Carbonic  acid  in  solution.  Carbonic  acid  in  solution. 

Free.    Half-bound.    Fixed.  Free.    Half-bound.    Fixed. 
Parts  per  million.  Parts  per  million. 

Original  water 52.8         109.4        109.4  52.8        109.4         109.4 

After  twenty-four  hours     7.9  ....  ....  7.0         ....  .... 

After  forty-eight  hours.      1.3  ....  ....  i .  i  ....  .... 

After  seventy-two  hours         o  80.7  84.5  o  80.7  84.5 

Magnesium  bicarbonate  is  much  more  soluble  in  water  than 
calcium  bicarbonate,  but  strong  solutions  show  the  same  ten- 
dency to  give  up  their  half-bound  carbonic  acid  as  do  strong 
solutions  of  calcium  bicarbonate.  This  occurs,  however,  without 
any  precipitation  of  magnesium  carbonate  (MgCO,)  because  the 
latter  itself  is  quite  soluble  in  water. 
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I  strong  solution  of  magnesium  bicarbonate  lost  all  of  its  fi 
12  per  cent,  of  its  half-bound  carbonic  acid  in  less  thanthi 
s  when  exix>sed  to  the  air  of  the  laboratory.  This  soluti<: 
refore,  contained  12  per  cent,  of  its  total  magnesium  carbc 
in  the  form  of  normal  magnesium  carbonate  (MgCO,).  1 
other  hand  the  calcium  bicarbonate  solution,  as  shown  abo' 
tains  onl}-  4  per  cent,  of  its  total  calcium  carbonate  in  I 
n  of  the  normal  carbonate  (CaCO,),  This  illustrates  I 
erence  in  degree  of  the  affinity  of  solutions  of  these  two  sa 
carbon  dioxide. 

[owever  solutions  of  calcium  and  magnesium  carbonate  wh' 
tain  no  half -bound  or  free  carbonic  acid  or  only  very  limi 
)unts  of  the  former,  tend  to  absorb  the  gas  from  the  air,  a 
s  form  the  bicarbonates  of  these  bases.  Calcium  carbon 
itionsin  time  become  acid  (i.  e.,  contain  free  carbonic  aci 
the  acidity  is  always  very  slight  and  the  stale  of  equilibri 
ns  to  be  reached  when  the  lime  is  all  in  the  form  of  the  bi< 
ate.  On  the  contrary  weak  solutions  of  magnesium  carb 
while  they  absorb  carbon  dioxide  from  the  air  to  ft 
jnesium  bicarbonate,  only  very  slowly  approach  the  condit 
;re  all  the  magnesium  exists  as  bicarbonate;  in  fact  the  t 
cy  seems  to  be  for  the  solution  to  remain  as  a  mixture  of  th 
'  compounds.  That  these  facts  have  a  bearing  on  cert 
ses  of  natural  waters  will  be  shown  later. 


NCIPl.ES     ON      WHICH     METHODS     FOR    THE      ESTIMATIOX 

CARBONIC    ACID    ARE    BASED   WITH    A    DISCUSSION   OF 

THE  ERRORS  AFFECTING  THEIR  ACCURACY. 

L.  comparison  of  the  three  most  commonly  employed  %'( 
ric  methods  for  the  determination  of  carbonic  add  in  wai 
been  made  by  the  writers,  with  the  purpose  of  discover! 
ossible,  the  sources  of  error  which  affected  each  of  them,  : 
>  to  leani  which  gave  results  closest  to  amounts  actui 
wn  to  \x  present  in  solution. 

'he  oldest  and  best  known  of  the  three  methods  was  sugges 
Pettenkofer.'  Trillich'  modified  this  method  in  order  to  av 
ain  difficulties  arising  in  the  original  method,  and  as  I 
lification  is  quite  radical,  the  process  as  carried  out  by  1 


CARBONIC   ACID   IN   WATER. 


409 


can  be  considered  practically  as  a  new  method.  Seyler'  advocates 
what  he  terms  the  Lunge-Trillich  method,  which  in  principle 
differs  materially  from  that  of  Pettenkofer's  or  Trillich's  modifi- 
cation of  Pettenkofer's  method. 

These  three  methods  were  those  which  were  investigated  and 
compared.  In  order  to  avoid  confusion  the  three  will  be  desig- 
nated in  this  paper  as  Pettenkofer's,  Trillich's,  and  Seyler's 
methods  respectively. 

PETTENKOFER'S  AND  TRILUCH*S  METHODS. 

The  estimation  of  the  carbonic  acid  in  natural  waters  consists 
in  determining  the  amount  of  half-bound  and  free  carbonic  acid 
which  may  be  present.  The  estimation  of  the  fixed  carbonic  acid 
is  generally  regarded  as  a  separate  determination,  and  is  not  com- 
monly included  in  the  statement  of  the  results. 

The  principle  upon  which  Pettenkofer  based  his  determination 
depends  on  the  action  which  the  barium  or  calcium  hydroxide 
has  upon  free  and  half-bound  carbonic  acid,  whereby  insol- 
uble calcium  and  barium  carbonates  are  formed  which  precipitate 
oat  of  solution.  Either  calcium  or  barium  hydroxide  may  he 
used,  the  reactions  involved  being  of  similar  character. 

As  an  excess  of  the  precipitant  is  used,  the  portion  unacted 
upon  is  determined  volumetrically  with  a  standard  acid  solution, 
and  the  amount  of  the  barium  or  calcium  hydroxide  which  has 
reacted  with  the  free  and  half -bound  carbonic  acid  can  thus  l)e 
determined  by  difference.     The  reaction  is  as  follows  : 

Ca(HCO,),  +  CO,  +  2BaO,H,  --  2BaC0,  +  CaCO,  +  2H,0. 

As  the  calcium  carbonate  present  has  been  held  in  solution  by  the 
assistance  of  the  half-bound  molecule  of  carbon  dioxide,  it  also 
precipitates  upon  the  latter' s  removal  by  the  barium  hydroxide. 
Insofar  as  that  portion  of  the  half -bound  carbonic  acid,  which 
tnay  be  present  in  a  natural  water,  is  combined  with  the  mag- 
nesium carbonate  to  form  the  bicarbonate,  the  reaction  between 
it  and  the  calcium  or  barium  hydroxide  is  the  same  as  shown  by 
the  above  reaction.  But  magnesium  carbonate  (MgCOJ  instead 
of  precipitating  out  as  such,  reacts  with  the  calcium  or  barium 
hydroxide  and  forms  magnesium  hydroxide,  which  latter,  being 
insoluble,  precipitates.  The  presence,  therefore,  of  magnesium 
carbonate  or  in  fact  any  magnesium  salt  causes  the  calcium  or 

*  Chfm.yfws,  70,  104  (1894);  aud  Analyst,  a  J,  312  (1897). 
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arium  hydroxide  to  be  used  up,  Petteukofer  avoids  the  p 
ipitation  of  the  magnesium  by  the  introduction  of  ammonii 
hloride,  which,  by  formings  soluble  salt  of  ammonium  and  m 
esium  chloride,  prevents  any  loss  of  calcium  or  barium  hydroxi 
'he  reaction  is  as  follows : 
IgCO,  +  4NH.CI  +  BaO.H,  = 

MgCl,(NH,Cl),  +  BaCO,  +  zNH.O 
in  equivalent  amount  of  ammonium  hydroxide  being  formed, 
hange  in  the  caustic  alkaliuity  of  the  sample  results. 

Trillich's  modificatiou  of  Pettenkofer's  method  consists  in 
ttempting  to  prevent  the  reaction  between  the  magnesium  s 
nd  the  caustic  alkali  by  the  addition  of  ammonium  chloride. 
1  allowing  the  precipitation  to  take  place.  From  a  direct  gi 
metric  determination  of  the  amount  of  the  magnesium  presen 
nother  portion  of  the  sample,  he  is  enabled  to  apply  the  pro 
orrectiou  to  the  result  obtained  volu metrically.  Since  40  pi 
f  magnesium  oxide  (MgO)  would  react  with  as  much  bariun 
alcium  hydroxide  as  44  parts  of  carbon  dioxide,  the  coned 
s  obtained  by  multiplying  each  part  of  magnesium  oxide  ( Mj 
•resent  by  t.i  and  subtracting  the  product  from  the  appai 
mount  of  carbonic  acid  found  by  the  volumetric  determinati 
Trillich's  method,  therefore,  only  differs  from  the  original  Petl 
Lofer  method  in  providing  another  way  to  overcome  the  diffici 
rising  from  the  presence  of  magnesium  salts. 

In  order  to  differentiate  between  the  free,  half-bound,  and  6 
arbonic  acid,  Trillich  uses  that  portion  of  his  solution  which c 
ains  the  precipitated  carbonates  and  titrates  it  with  hydrochli 
,cid  and  cochineal.  From  this  he  obtains  the  "total  carb( 
cid."  By  subtracting  the  "  free  and  half-bound  carbonic  ac 
rom  this,  he  obtains  the  "  fixed  carbonic  acid;"  and  by  find 
he  difference  between  the  "  free  and  half -bound  acid"  and 
'fixed"  (equivalent  to  the  half-bound),  he  estimates  the  "I 
arbonic  acid." 

It  is  apparent  that  by  this  means  the  various  forms  of  carbc 
icid  may  be  determined  in  Pettenkofer's  method,  although 
vriters  are  not  aware  that  originally  any  such  differentiation ' 
Lttempted.  Moreover  it  would  seem  more  simple  to  use  a  metl 
vhich  would  not  involve  the  objectionable  titration  of  the  s 
lended  carbonates  and  magnesium  hydroxide.  This  can  bed 
)y  determining  the  fixed  carbonic  acid  by  direct  titration  c 
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separate  sample  of  the  water  by  Hehner's  method,  and  from  this 
all  the  data  given  can  easily  be  deduced.  In  our  examination  of 
these  methods  we  have  not  attempted  to  carry  out  Trillich's  titra- 
tion of  the  portion  of  the  sample  containing  the  precipitated  car- 
bonates. 

In  Pettenkofer's  method  and  in  Trillich's  as  well,  oxalic  acid 
is  used  to  titrate  the  excess  of  the  barium  or  calcium  hydroxide 
added  to  the  water  under  examination.  If  barium  hydroxide  is 
used  Trillich  recommends  that  to  each  9  grams  of  the  barium 
hydroxide,  0.5  gram  of  barium  chloride  be  added  in  order  to  con- 
^-ert  the  hydroxides  of  sodium  and  potassium,  which  are  common 
imparities  of  barium  hydroxide,  into  chlorides.  The  reason  for 
this  and  for  the  addition  of  barium  or  calcium  chloride  in  the 
original  Pettenkofer  method,  is  more  fully  stated  by  Fresenius'  as 
follows : 

"If a  water  contains  an  alkali  carbonate  or  any  other 

alkali  salt  whose  acid  would  be  precipitated  by  lime  or  baryta,  a 
nentral  solution  of  calcium  or  barium  chloride  must  be  added  to 
decompose  the  same.  This  addition,  too,  prevents  any  inconve- 
nience arising  from  the  presence  of  free  alkali  in  the  lime  or  baryta 
water,  or  of  magnesium  carbonate  in  the  carbonic  add  water ;  this 
inconvenience  consists  in  the  fact  that  oxalate  of  an  alkali  or 
of  magnesium  enters  into  double  decomposition  with  calcium  car- 
bonate (which  is  seldom  entirely  absent  from  the  fluid  to  be  ana- 
lyzed), forming  calcium  oxalate  and  carbonate  of  the  alkali  or  of 
magnesium,  which  latter  will  of  course  again  take  up  oxalic  acid.'' 

The  details  of  the  Pettenkofer  process  consist  in  taking  100  cc. 
of  the  water  to  be  analyzed,  placing  it  in  a  bottle,  adding  3  cc.  of 
barium  chloride,  2  cc.  of  a  satitrated  solution  of  ammonium  chlo- 
ride and  45  cc.  of  barium  hydroxide  solution.  After  allowing 
the  mixture  to  stand  about  twelve  hours  closely  stoppered,  an 
aliquot  portion  of  the  clear  supernatant  liquid  is  pipetted  off  and 
titrated  with  oxalic  acid.  In  our  experiments  an  approximately 
0.02  normal  solution  of  sulphuric  acid  was  used.  The  barium 
hydroxide  solution  was  approximately  0.05  normal  and  the  indi- 
cator employed  was  rosolic  acid. 

The  Trillich  method  differs  from  the  above  in  using  5  cc.  of 
barium  chloride  in  place  of  3  cc. ,  omitting  the  ammonium  chlo- 
ride and  using  phenolphthalein  as  the  indicator.     In  titrating  the 
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suspended  carbonates  for  the  determiuation  of  the  total  carl 
acid,  Trillich  employs  hydrochloric  acid  and  cochineal  as  the 
cator,  as  previously  stated. 

In  carrying  out  these  methods  the  following  precautions 
been  found  necessary  in  order  to  obtain  uniform  and  consi 
results, 

1.  The  barium  hydroxide  solution  (9  grams  BaO,H,.8H,( 
0.5  gram  BaCl,.2H,0  per  liter)  should  be  carefully  filtered 
kept  in  a  bottle  whose  outlet  to  the  air  is  provided  with  a  U 
containing  fused  calcium  chloride  and  stick  potash.  A  si 
tube  conveniently  conveys  the  liquid  to  the  measuring  bu 
Solutions  thus  protected  will  keep  for  a  long  time  without  st 
deterioration.  A  solution  thus  guarded  from  the  atmospheri 
bon  dioxide  was  found  at  the  end  of  fifty  days  to  be  0.6  per 
weaker  than  when  first  tested. 

2.  If  oxalic  acid  ts  used,  it  should  be  frequently  tested 
deteriorates  rapidly.  A  solution  containing  2.8636  gram: 
liter  (i  cc.  ^  I  mg.  CO,)  was  found  at  the  end  of  forty-five 
to  be6.7  percent,  weaker  and  one  fifty  days  old  was  8.7  per 
weaker. 

3.  Dry  or  well  drained,  ground  glass-stoppered  bottles 
their  stoppers  well  vaselined  should  be  used  for  holding  the 
pies.  On  account  of  the  strong  tendency  which  bariun 
droxide  solutions  exposed  to  the  air,  show  in  the  absorptii 
atmospheric  carbon  dioxide,  the  most  erratic  results  will  1 
tained  if  the  bottle  stoppers  are  not  tight-fitting. 

4.  Samples  of  water  to  be  analyzed  should  properly,  if 
high  in  free  and  half-bound  carbonic  acid,  be  introduced  inl 
bottle  by  means  of  a  siphon  or  tube,  similar  to  the  methods 
in  taking  samples  for  determining  dissolved  oxygen. 

5.  After  the  introduction  of  the  sample  into  the  bottli 
other  reagents  should  be  added,  the  barium  hydroxide  soli 
however,  always  being  the  last  to  be  introduced.  The  bi 
hydroxide  should  be  introduced  by  means  of  a  long  delivei 
on  the  burette,  the  lower  end  of  which  dips  below  the  surf: 
the  sample  in  the  bottle.  The  barium  hydroxide  should  h 
in  as  quickly  as  possible  and  the  bottle  immediately  stoppere 
shaken. 

6.  The  bottle  should  then  be  set  aside  to  stand  at  least  t' 
houi%  and  under  no  condition  should  the  stepper  be  removed 
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the  dear  supernatant  liquid  is  pipetted  off  for  immediate  titration. 

7.  The  removal  of  the  25  or  50  cc.  of  the  liquid  to  be  titrated 
shonld  take  place  without  stirring  up  the  precipitate  in  the  bottom 
of  the  bottle.  This  is  extremely  important  and  its  neglect,  even 
when  only  a  slight  amount  of  sediment  is  withdrawn,  will  lead  to 
irregular  and  unreliable  results. 

8.  The  receptacle  in  which  the  titration  takes  place  should  be 
a  narrow  mouthed  fairly  long-necked  flask,  preferably  of  about 
250  cc.  capacity.  The  titration  should  take  place  immediately 
upon  the  withdrawal  of  the  portion  from  the  bottle  and  the  acid 
should  be  run  in  quickly. 

9.  If  the  delivery  of  the  acid  can  be  quickly  effected  the  larger 
portion  should  be  delivered  into  the  flask  holding  the  barium 
hydroxide  as  soon  as  possible  without  any  unnecessary  shaking  of 
the  flask.  The  titration  can  then  be  cautiously  completed.  If, 
however,  the  burette  delivers  the  acid  slowly  it  is  better  to  run 
into  the  empty  flask  the  larger  portion  of  the  acid  and  then  add 
the  portion  of  the  sample  to  be  titrated.  This  avoids  undue  ex- 
posure of  the  caustic  alkali  to  the  air  and  consequently  any  car- 
bonating  of  the  barium  hydroxide. 

10.  The  standardization  of  the  barium  hydroxide  solution  by 
the  add  should  be  carried  out  in  a  manner  similar  to  the  method 
employed  in  the  titration  of  the  sample.  In  standardizing  the 
barium  hydroxide  solution  in  order  to  obtain  its  value  in  terms  of 
the  add,  it  is  necessary  in  the  Pettenkofer  method,  that  the  titra- 
tion should  take  place  in  the  presence  of  ammonium  chloride,  if 
rosolicadd  or  any  indicator  which  is  at  all  affected  by  this  salt,  is 
used.  Otherwise  the  value  of  the  alkali  in  terms  of  the  acid  will 
be  erroneous  and  the  differences,  though  slight,  will  lead  to  con- 
aderable  error. 

In  spite  of  the  above  precautions  an  error  due  to  manipulation 
may  arise  on  account  of  the  extreme  sensitiveness  of  barium  hy- 
droxide to  atmospheric  carbon  dioxide.  An  average  of  twenty 
experiments  made  with  the  utmost  caution,  with  boiled  distilled 
water  and  barium  hydroxide  in  well-ground  glass- stoppered  bot- 
tles, thoroughly  vaselined,  showed  a  loss  of  barium  hydroxide 
equivalent  to  1.5  parts  per  million  of  carbonic  acid,  with  a  range 
of  from  I  to  3  parts  per  million. 

Reinitzer*  found  in  a  solution  of  lime-water  containing  1173.8 

*  ZUckr.  augew.  Chfm.,  September  15,  1894. 
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parts  per  millon  of  calcium  oxide,  carbon  dioxide  equivali 
[a)  8.7  parts  and  (d)  9.3  parts,  respectively.  The  results 
obtained  by  acidulation  of  the  solution,  expulsion  of  the  c 
jioxide  by  heating,  absorption  and  weighing  of  the  gas  in  c 
potash.  He  states  "we  may  assume  the  same  condition: 
E[Ood  with  baryta  water." 

The  writers  have  found  carbonic  acid  in  calcium  hydroxide 
tions  to  range  from  o  to  6  or  7  parts  per  million,  although  < 
average  the  quantity  awtfl^^SC^w^rts  per  million.  ] 
;:aseof  barium  hy dryj^&lal utio^jy elW%\ never  found  over 
per  million  of  carb&db  agi^-Sflffthe  ftHcra^appears  to  be  les 
3.5  part  per  milliA^  jl^<Ki^|9  »ismg,  tlwrefore,  from  dis 
[carbonates  in  barium  Hffiroxidgjoltttions^n  the  absence  of 
salts  which  may^ffect  ttieirsolii^^ivwe  are  ibclined  to  b 
may  be  usually  dis^^^^^tj  feAywfce  of  error.s  . 

The  presence  of  suspended  carbonates  in  the  portion  of  th< 
pie  being  titrated,  however,  is  a  source  of  error  which  mi 
carefully  avoided.  This  arises  from  the  direct  solution  of 
salts  in  the  titrating  acid  ;  and  this  is  true  whether  oxalic  s 
used  or  sulphuric  acid,  which  latter  was  employed  by  the  wi 
This  is  shown  by  the  following  experiments. 

Table  Showing  Solubility  op  Suspended  Carbonates  bv 

Titrating  Acid. 

/.  Add  Added  to  Alkali. 

ContalnluB  no  *u*-    ContatnioK  BUspcndeil 
Sol.  pendcd  carbonata,  carbonatn. 

uMd.  N'je  lulphiiric  add.      Njo  sulphuric  acid.  Rematki. 


Sol. 


"SH, 


la  Mr?;.] 


N»  (appro*.) 
oxalic  acid. 


End-point  ind 
with  suspend 


10  2.2  3.7+  End-point  inii 

with  sttBpend 
bonates. 
On  another  sample  the  following  results  were  obtained  : 
/.  Acid  Added  to  Alkali. 
-    Con  ulnlng  suspended 


Sol. 


N'SO  Hilplinric  add. 


sulphuric  acid.   , 


//.  Alkali  Added  to  Acid. 


Remarka 

End-point  ind 
with  suspend 
bonates. 

End-point  ind 
with  suspend 
.  bonates. 
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It  will  thus  be  seen  that  the  presence  of  suspended  carbonates 
is  quite  inadmissible  if  accurate  results  are  to  be  expected. 

In  both  Pettenkofer's  and  Trillich's  methods,  the  chief  disturb- 
ing element  is  magnesium.  Its  salts  must  either  be  kept  in  solu- 
tion as  in  Pettenkofer's  method  by  the  use  of  ammonium  chlo- 
ride, or  allowed  to  precipitate  out  and  be  corrected  for  as  in 
Trillich's  method.  As  the  errors  arising  from  the  presence  of 
magnesium  salts  are  probably  due  to  two  different  causes  in  the 
two  methods,  they  will  be  discussed  separately. 

The  erratic  results  often  obtained  with  Pettenkofer's  method 
are  generall}"  acknowledged.  Tiemann^  admits  that  duplicate  re- 
sults may  vary  from  5  to  10  parts  per  millon,  and  that  the  results 
are  still  more  uncertain  in  the  presence  of  magnesium  salts. 
Thinking  that  ammonium  chloride  might  be  instrumental  in  hold- 
ing carbonates  in  solution,  some  experiments  were  made  to  learn 
what  effect  it  did  have.  The  following  experiments  show  the  re- 
snlts  obtained  with  a  water  which  contained  59.2  parts  per  million 
of  free  and  half -bound  carbonic  acid,  but  which  contained  no 
magnesium  salts. 

Tablk  Showing  Effect  of  Ammonium  Chix>ridb  in  Holding  Car- 
bonates IN  Solution. 

Sol.  (approx.  N'ao)    Satunted  solution     Carbonic  acid  (COtT* 
barium  hydroxide,  ammonium  chloride.  obtained. 


No. 

cc. 

cc. 

Parts 

per  million. 

I 

10 

0 

57.4 

2 

45 

0 

60.0 

3 

10 

2 

0.0=^ 

4 

20 

2 

o.cy* 

5 

30 

2 

4S.0 

6 

45 

2 

.^6.6 

It  will  be  noticed  that  as  the  concentration  of  the  barium  hy- 
droxide solution  increases,  the  ammonium  chloride  is  less  able  to 
hold  the  carbonates  in  solution.  Even  with  45  cc.  of  barium 
hydroxide  solution,  the  amount  is  still  less  than  with  the  same 
amount  of  alkali  where  no  ammonium  chloride  is  present.  It  is 
apparent  from  these  experiments  that  carbonates  may  be  held  in 
solution  where  the  concentration  of  the  barium  hydroxide  solu- 
uou  IS  not  great  enough  ;  and  such  a  condition  might  easily  arise 
w  a  water  containing  low  amounts  of  magnesium  but  considerable 

' "  Cbem.  Analyses  des  Waasers,"  Tiemann. 

^  la  the  third  experiment  no  loas  of  barium  hydroxide  resulted  and  38.4  part.s  per 
™lwn  of  fixe4  carbonic  acid  were  indicated  in  addition. 

*  No  km  of  barium  resulted  in  the  fourth  experiment  and  1.9  parts  per  million  of  fixed 
^ar^ic  add  were  found  in  addition. 
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arboiiic  acid,  which  latter  would  use  up  a  large  proportion 
larium  hydroxide  added. 

In  order  to  see  whether  ammonium  chloride  was  able  to  1 
olutioD  all  of  the  magnesium  which  might  be  present,  t 
awing  experiments  were  made  : 

'ABtE  Showing  Effectiveness  of  Amuoniuu  Chloride  in  H 
Magnesium  Salts  in  Solution. 

Total  volume  o/  solution  equal  b. 
lop  Magpcifum  oxide  Magnp<iunii 
ride.  added.  prccipiui 


Solution  of  magnesium  carbonate,' 


It  is  evident  that  0.5  cc.  of  a  saturated  solution  of  amir 
hloride  is  not  sufficient  to  hold  in  solution  all  the  magi 
ixide  that  was  added.  Two  cc.  are,  however,  able  to  1; 
otution  at  least  90  parts  per  million  of  the  oxide  without 
t  precipitating. 

In  Trillich's  method  the  magnesium  salts  are  allowed 
ipitate  as  magnesium  hydroxide,  and  are  then  corrected 
ireviously  stated.  It  is  quite  evident,  therefore,  that  unl 
>recipitation  is  complete  an  error  is  introduced  into  the 
ion.  The  following  experiments  show  that  this  precipita 
lot  complete  under  certain  conditions. 

Table  Showing  Incomplkts  Precipitation  of  Magnssiiim 
DRoxiDB  Bv  Barium  Hydroxide. 
tolation  0/  tnagnesium  carbonate  containing  ij  parts  per  tnittion  1 
nesiutn  oxide.     Total  volume  o/soluHon  equal  to  100  cc. 

Buriuin  h)>droilde  Mii|Tinluiii  oxidc  Uagunium  oiiil 
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ibove  it  will  be  seen  that  on  an  average  2.4  parts  per 
agnesium  oxide,  equivalent  to  2.6  parts  per  million 
cid,  were  not  precipitated  in  a  solution  containing  45 
)proximately  0.05  normal  solution  of  barium  hy- 
total  volume  of  100  cc.  From  a  large  number  of  ex- 
ide  with  a  standard  magnesium  sulphate  solution,  it 
md  that  the  same  is  true  of  this  salt.  i.  e.,  that  the 
s  but  partially  precipitated  under  certain  conditions, 
xcess  of  barium  hydroxide  is  necessary  in  order  to 
ally  complete  precipitation,  and  unless  this  excess  is 
s  the  quantity  of  magnesium  increases  the  quantity 
n  which  remains  unacted  upon  will  also  increase. 
II  shown  by  the  following  table  where  constantly  in- 
lunts  of  magnesium  were  introduced  into  the  solution. 


gnesiutn  sulphate.      Total  volume  0/  solution  equal  ti 

ide         MagiiMiym  oiide         MagnMium  oiide        MnKneslnm  ■ 

added.  prccipitBted.  dol  precipii 

Parti  per  miUlon.         Parti  per  million.        Parts  per  m 


54.0  50  4.0 

91.0  76  15.0 

3oted  that  in  the  first  .sample,  slightly  more  than  the 
lagnesium  oxide  actually  present  appears  to  be  pre- 
'his  seems  to  be  characteristic  of  results  obtained  on 
vhich  the  magnesium  is  in  small  amount  while  the 
oxide  is  in  large  excess.  It  is  due  to  the  fact  that 
irium  hydroxide  by  carbonating  is  always  greater  in 

The  error  from  this  cause,  which  may  be  called  the 
tanipulation"  and  the  error  due  to  n  on -precipitation 
n  hydroxide,  act  in  opposite  directions,  the  former 
ncrease  the  apparent  precipitation  and  the  latter  to 

It  is  probable,  therefore,  that  the  quantity  of  mag- 
e  not  precipitated  may  be  greater  than  is  indicated 

usiy  this  error  may  affect  results  is  shown  by  the  fol- 

A  standard  solution  was  prepared  and  was  found 

'  Trillich's  method,  when  no  magnesium  salts  were 

z  parts  per  million  of  free  and  half-bound  carbonic 
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.  This  result  was  the  avera^  of  ten  closely  agredng 
aliens  on  this  solution  ;  and  the  figures  for  the  carbcnii 
id,  when  magnesium  was  present,  should  be  compared  n 


for  MgO 

Mho, 

MgOP 

nmp 

niiUk) 

lo              49-5 

10 

39-S 

3-3 

50.6 

10 

40.6 

4-4 

10              49-4 

10 

39-4 

3-' 

10              49.4 

10 

394 

3' 

10              49.4 

lu 

39-4 

3-1 

'5              59' 

JO 

39. » 

13-0 

'5              57-9 

JO 

37-9 

11.7 

'5              57-9 

ao 

37-9 

11.7 

15              57-9 

JO 

37-9 

11.7 

'5              57.9 
IS              64.6 

30 
30 

37-9 
34.6 

1 1.7 
18.4 

15              634 

30 

334 

17.  a 

15              64.6 

30 

34.6 

18.4 

»              83.0 

50 

330 

36.8 

ao            S1.6 

50 

3'-6 

35-4 

30             83.0 

50 

330 

36.8 

'3- 

^oU. — Amount  of  magnesium  oxide  actually  present  i; 
0/1 1  of  amounts  given  as  *  *  MgO  equivalent  to  parts  p 

of  CO.." 

he  results  given  above  of  course  exaggerate  the  error  b 

Ke  small  amount  of  barium  hydroxide  and  the  large  an 

nagnesium.     They  serve  to  show,  however,  the  error 

ht  arise  from  this  source. 

he  errors  affecting  the  accuracy  of  Pettenkofer'sand  Tri 

hods  may  be  briefly  summed  up  as  follows : 

The  error  due  to  the  carbonating  of  the  barium  hyd 
I  result  of  manipulation.     This  is  common  to  both  m 

tends  to  make  results  higher  than  they  should  be. 
ful  work  it  can  be  kept  very  low  and  ought  not  to  ex 

parts  per  million. 

In  Pettenkofer's  method  the  .solution  of  the  carbona 
nonium  chloride,  which  tends  to  lower  the  results,  se 
he  .source  of  greatest  error.  The  magnitude  of  this  en 
s  to  be  governed  by  the  concentration  of  the  barium  h; 
solution  and  the  amount  of  ammonium  chloride  present 
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3.  In  the  Trillich  method  the  non-precipitation  of  the  mag- 
nesium salts,  as  magnesium  hydroxide,  tends  to  lower  the  results. 
The  excess  of  barium  hydroxide  over  and  above  that  necessary 
for  the  reaction,  appears  to  be  fully  as  necessary  here  as  in  Petten- 
kofer's  method.  It  is  probably  best  to  have  at  least  an  excess  of 
from  30  to  35  cc.  of  0.05  normal  barium  hydroxide  solution  for 
waters  containing  as  much  as  60  parts  per  million  of  magnesium 
oxide.  The  magnitude  of  this  error  may  vary  (even  when  the 
prescribed  amount  of  45  cc.  of  an  approximately  0.05  normal 
barium  hydroxide  solution  is  added  to  each  100  cc.  of  water), 
from  2  to  5  parts  per  million.  This  amount  may  be  exceeded 
with  an  insufficient  excess  of  banum  hydroxide. 

Since  the  error  due  to  unavoidable  carbonating  of  the  barium 
hydroxide  in  the  course  of  manipulation,  increases  the  results^ 
and  all  errors  arising  from  solubility  of  carbonates  or  non-pre- 
dpitation  of  magnesium  hydroxide  lowers  them,  these  errors 
tend  to  neutralize  each  other.  But  if  the  error  of  manipulation 
is  kept  at  a  minimum,  the  lowering  of  the  results  due  to  other 
causes,  exceeds  the  increase,  and  in  consequence  too  low  results 
are  obtained. 


^ . 


.'  I 


LUNGE-TRILLICH  OR  SKVLER  METHOD. 

This  method  depends  on  the  action  of  phenolphthalein  as  an  in- 
dicator in  the  presence  of  free  carbonic  acid  and  of  carbonates  and 
bicarbonates  of  the  alkaline  earth  bases  ;  and  on  the  assumption 
that  in  the  bicarbonates  of  these  bases  there  is  one  molecule  of 
balf-bound  carbon  dioxide  for  each  molecule  of  fixed  carbon 
dioxide. 

Leeds'  in  this  country  and  Trillich  in  Europe  proposed,  at  about 
the  same  time,  the  determination  of  the  free  carbonic  acid  in 
water  by  titrating  the  sample  with  a  solution  of  sodium  car- 
bonate, using  phenolphthalein  as  the  indicator.  The  sodium  car- 
bonate reacts  with  the  free  carbonic  acid  to  form  sodium  bicar- 
bonate. As  soon  as  the  free  acid  is  neutralized,  any  further  addi- 
tion of  sodium  carbonate  produces  a  pink  color.  This  affords  a 
direct  means  for  estimating  the  free  carbonic  acid  without  involv- 
ing the  half-bound.  With  waters  which  are  acid  to  phenolphthal- 
ein, the  determination  of  the  fixed  carbonic  acid  by  Hehner's 
method  gives  at  once  the  half-bound  carbonic  acid  according  to 

'This Journal,  ij,  98  (1890* 
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issumption  stated  in  the  preceding  paragrapli.  With  va' 
:h  are  alkaline  to  phenolphthalein,  by  the  deter  mi  natioi 

"  phenol phthalein  alkalinity"  and  the  "total  alkalJni 
ined  with  lacmoid  as  the  indicator,  the  amount  of  half-boi 
otiic  acid  can  easily  be  estimated.  In  the  latter  case  ofcoi 
carbonic  acid  is  absent. 

lyler,  who  has  made  a  study  of  this  method,  considers  it 
;h  gives  accurate  results,  and  one  which  is  free  from  man 
difficulties  involved  in  Pettenkofer's  and  Trillich's  methi 

chief  criticism  of  the  method  seems  to  have  been  as  to 
K;tness  of  the  assumption  for  quantitative  purposes,  t 
n  a  water  was  acid  or  neutral  to  phenolphthalein,  there 
ent  for  each  molecule  of  fixed  carbonic  acid,  one  molecul 
'bound  carbonic  acid  ;  and  to  the  claim  that  when  the  w 

alkaline  to  phenolphthalein,  only  one-half  the  carbonic 
le  form  of  the  normal  carbonates  was  determined  by  titra 
I  acid  to  the  discharge  of  the  color  produced  by  this  indica 

to  lo  cc.  of  a  cold  0.02  normal  solution  of  sodium  carbon 
lolphthalein  be  added,  and  then  a  0.02  normal  solutio 
huric  acid,  it  will  be  found  that  only  5  cc.  of  the  latter 
ired  to  discharge  the  color.     The  reaction  is  as  follows : 

2Na,C0,  +  H,SO.  =  aNaHCO,  +  Na,SO,. 
he  pink  color  produced  by  the  phenolphthalein  in  the  sod 
onate  solution  is  destroyed  when  one-half  the  latter  becc 
rated  with  the  carbonic  acid  liberated  by  the  mineral  a 
this  occurs  when  one-half  the  base  has  been  neutralized, 
lerefore  evident  that  bicarbonates  of  the  fixed  alkalies 
ral  to  phenolphthalein. 

lie  as-sumption  that  carbonates  of  the  alkaline  earth  b 
t  in  an  analogous  manner,  is,  so  far  as  we  can  ascertain, 

as  the  follonnng  experiments  will  show. 

calcium  bicarbonate  solution  was  boiled  down  to  about  1 
1  or  one-fourth  of  its  original  volume  and  allowed  to  cod 
>ntact  with  the  air.     The  precipitated  calcium  carbonate 

out,  only   such  remaining  in  solution  as  was  soluble  v 

the  presence   of    any    free    or   half-bound  carbonic   a 
Tal  portions  of  the  supernatant  liquid  were  withdrawn 
ted  with  add,  using  phenolphthalein  as  the  indicator. 
.  alkalinity  of  the  solution  was  also  determined  with  the  i 
r  lacmoid. 
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F  Phenolphthalein  as  an  Indicator  it 
Calcium  Carbonate. 


1.65 


m  otrbotiate 


Average,  1.60  3.17 

:ioD  of  magaesiuiii  carbonate  acted  similarly.  1.65  cc.  of 
g  required  to  discharge  the  pink  color  formed  with 
thalein,  and  3.4  cc.  to  obtain  the  end-point  with  lacmoid. 
tion  involved  in  these  two  cases  is  doubtless  analogous 
;  which  takes  place  in  sodium  carbonate  solutions  ;  viz., 

aCaCO,  +  H,SO.  =  Ca(HCO0,  +  CaSO.. 
found  that  these  solutions  of  calcium  and  magnesium 
were  very  sensitive  to  the  absorption  of  carbon  dioxide 
air,  even  on  a  very  short  exposure ;  and  also  that  it  was 
'  difficult  to  free  them  from  the  last  traces  of  the  half- 
rbonic  acid.  Only  by  violent  and  prolonged  boiling  and 
ut  of  contact  with  the  air,  could  this  be  accomplished. 
1  carbonate  solution,  which  after  boiling  was  cooled  in 
om  carbon  dioxide,  required  for  100  cc,  1.5  cc.  of  acid 
lolphthalein  as  the  indicator,  and  3.  i  cc.  with  lacmoid. 
L  of  the  same  liquid  cooled  in  a  beaker,  required  0,95 
i  with  phenolph thalein  and  3.2  cc.  with  lacmoid.  Mag- 
Lrbonate  solutions  absorbed  carbon  dioxide  more  slow- 
been  previously  pointed  out. 

lutions  of  calcium  carbonate  and  of  magnesium  car- 
I  not  react  to  phenotphthalein  in  the  same  manner  as  do 
I  solutions,  since  in  the  former  the  bicarbonates  formed 
beration  of  the  carbonic  acid  from  the  normal  carbon- 
immediately  decomposed  by  the  heat  with  evolution  of 
ioxide.  It  is  therefore  possible  to  determine  the  whole 
bonates  of  the  alkaline  earth  bases  even  with  phenol- 
as  the  indicator,  provided  the  solution  is  kept  boiling. 
e  is  true  of  the  carbonates  of  sodium  and  potassium, 
olphthalein  19  by  no  means  a  good  indicator  for  this  pur- 
the  results  are  much  more  accurately  obtained  with  lac- 
ine  of  a  similar  character. 
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It  has  been  considered  probable  that  sodium  carboaate  in  so 
tion  undergoes  hydrolysis  in  the  following  manner. 
Na,CO,  +  H,0  =  NaHCO,  +  NaOH. 
As  the  sodium  bicarbonate  thus  formed  supplies  no  hydroj 
ions,  and  the  sodium  hydroxide  is  dissociated  producing  a  la 
number  of  hydroxyl  ious,  the  solution  is  therefore  quite  stron 
alkaline.  To  phenolphthalein  it  exhibits  the  alkalinity  chai 
teristic  of  caustic  alkaline  solutions.  It  may  be  that  a  sim 
hydrolysis  takes  place  in  the  case  of  calcium  carbonate  and  m 
nestuni  carbonate  solutions. 

2CaC0.  +  2H,0  =  Ca(HCO,),  +  Ca(OH),. 
If  this  does  occur  it  readily  explains  why  calcium  and  magnesi 
carbonate  solutions  are  alkaline  to  phenolphthalein  and  why  t1 
show  the  same  evidence  of  the  presence  of  hydroxyl  ions  ai 
the  ca.se  of  sodium  carbonate  solutions. 

The  essential  details  of  the  Seyler  process  are  as  follows : 

The  free  carbonic  acid  is  determined  by  placing  loo  cc.  of 
sample  in  a  glass  cylinder  with  2.5  to  30  drops  of  a  neutral  si 
tion  of  phenolphthalein.  To  the  sample  is  then  added  a  solut 
of  sodium  carbonate  (0.05  or  0.02  normal  solution  may  be  usi 
stirring  carefully  and  thoroughly  until  a  faint  permanent  f 
color  is  obtained. 

The  following  precautions  have  been  found  desirable  if  accui 
results  are  to  be  expected, 

1.  The  titration  can  conveniently  take  place  in  a  short  Nes 
cylinder.  The  writers  used  a  tube  approximately  18  cm.  lonf 
3  cm.  in  diameter,  graduated  for  50  and  100  cc.  The  stin 
rod  used  was  bent  at  its  lower  end  into  the  form  of  a  circle 
then  turned  so  as  to  stand  at  right  angles  to  the  rod.  A  c 
parison  cylinder  containing  the  same  amount  of  water  as  there 
in  the  titrating  cylinder,  was  found  to  aid  in  the  determinatio 
the  end-point. 

2.  The  larger  part  of  the  sodium  carbonate  solution  shouk 
added  quickly  and  the  strong  pink  color  formed  should  be 
charged  by  stirring  and  mixing  with  the  rod.  The  titration 
then  be  cautiously  completed.  When  the  color  remains  per 
nent  the  titration  is  complete.  The  sodium  carbonate  solu 
should  be  prepared  with  freshly  ignited  sodium  carbonate 
with  water  which  has  been  thoroughly  boiled  and  cooled  ou 
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contact  with  the  air.  The  exposure  of  this  solution  to  the  air 
should  be  avoided  as  much  as  possible  as  sodium  bicarbonate  is 
readily  formed,  which  renders  it  useless  for  this  titration  where 
accurate  results  are  desired. 

3.  With  waters  that  are  high  in  free  and  half-bound  carbonic 
acid  it  is  better  to  use  less  than  100  cc.  for  the  titration,  espe- 
cially if  0.02  normal  sodium  carbonate  solutions  are  used.  With 
such  a  water,  care  is  necessary  in  transferring  the  sample  to  the 
cylinder  in  order  to  avoid  loss  of  carbonic  acid.  Too  vigorous 
stirring  of  the  water  is  also  to  be  avoided  for  the  same  reason. 

The  fixed  carbonic  acid,  from  which  the  half -bound  acid  is 
estimated,  is  determined  according  to  the  method  of  Hehner. 
Seyler  uses  methyl  orange  as  the  indicator  for  this  titration,  but 
the  writers  employed  lacmoid.  The  accuracy  of  this  process*  is 
well-known  and  need  not  be  here  discussed. 

In  the  absence  of  free  carbonic  acid  in  a  water,  the 
half-bound  may  equal  the  fixed,  in  which  case  it  would 
be  neutral  to  phenolphthalein.  If,  however,  the  water  is 
alkaline  to  phenolphthalein,  the  half-bound  carbonic  acid  does  not 
equal  the  fixed  ;  or  in  other  words  a  portion  of  the  carbonates  of 
the  bases  exist  in  solution  without  the  assistance  of  any  half- 
bound  carbonic  acid.  In  such  a  case  the  half-bound  acid  is  ob- 
tained by  first  determining  the  fixed  carbonic  acid  by  means 
of  lacmoid.  From  this  is  deducted  an  amount  of  carbonic  acid 
equal  to  twice  the  quantity  indicated  by  the  acid  required  to  dis- 
charge the  pink  color  produced  by  phenolphthalein.  The  differ- 
ence is  the  amount  of  half -bound  carbonic  acid  which  is  present. 
These  titrations  may  be  made  on  the  same  sample,  in  which  case 
the  **  phenolphthalein  alkalinity "  is  first  determined  and  then  fol- 
lowed by  the  titration  with  lacmoid  ;  or  they  may  be  made  on 
separate  samples. 

The  principles  on  which  the  above  procedure  is  based  have 
been  pointed  out  above. 

These  titrations  involve  no  especial  difficulties  and  can  be  easily 
and  quickly  carried  out.  Approximately  0.02  normal  solutions 
of  sulphuric  acid  were  used  by  the  writers  and  the  same  strength 
of  sodium  carbonate  solution.  Seyler  has  prepared  a  series  of 
formulas  for  calculating  the  results,  which  simplifies  the  work 
somewhat.     If  results  are  obtained  with  100  cc.  of  the  sample 
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and  the  reagents  employed  are  0.02  normal  the  following  fonn 
express  the  results  in  parts  per  million. 

I.  For  waters  acid  or  neutral  to  phenolphthalein  : 

Free  carbonic  acid  —  4.4^ 

Fixed  or  half-bound  carbonic  acid    -  4.4»i 
Volatile  carbonic  acid  -4.4  [m  +  p) 

Total  "  "  =4.4(i«i— ^) 

/  =  cc.  0,02  normal  sodium  carbonate  solution  required  Co 

duce  a  pink  color  with  phenolphthalein  in  100  cc.  oi 

water  ;  and 
*«  =  cc.  0.02  normal  sulphuric  acid  solution  required  to  obtait 

end-point  with  methyl  orange  or  lacmoid  in  the  ; 

volume  of  water, 

II.  For  waters  alkaline  to  phenolphthalein  : 

Fixed  carbonic  acid  — -  4.4  m 

Half-bound  or  volatile  carbonic  acid  —  4.4  {m^3p') 
Total  carbonic  acid  —  4.4  (l»«— J^') 

m  "=  CC.  0.02  normal  sulphuric  acid  solution  required  to  ol 
end-point  with  methyl  orange  or  lacmoid  in  100  cc.  0 
sample. 
p'  =  cc.  0.02  normal  sulphuric  acid  required  to  discharge  the 
color  produced  by  phenolphthalein  in  100  cc.  of  the 
pie. 

There  is  a  third  case  in  which  free  carbonic  acid  might  1 
in  a  solution  containing  free  mineral  acid  and  for  which  S< 
has  given  a  method  with  its  corresponding  formulas  for  caJi 
ting  the  results.  But  such  a  condition  would  seldom  be  foui 
natural  waters  and  need  not  here  be  described. 

The  errors  affecting  the  accuracy  of  Seyler's  method  are  1 
which  arise  in  part  from  the  determination  of  the  free  carl 
acid.  The  end-point  in  the  titration  of  the  sample  with  soi 
carbonate  and  phenolphthalein  is  not  entirely  satisf actor)'. 
results  obtained  are  usually  low,  but  with  care  and  practict 
error  from  this  source  should  be  less  than  2  to  3  parts  per  mil 
even  with  considerable  amounts  of  carbonic  acid,  and  on  i 
amounts  it  is  less  still. 

The  error  due  to  the  determination  of  the  fixed  carbonic ; 
from  which  the  half-bound  is  derived,  arises  from  those  erroi 
volved  in  the  carrying  out  of  Hehner's  method  and  w^ic 
good  work  ought  not  to  exceed  i  to  2  parts  per  million. 
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N  OF  THE  THREE  METHODS  ON  WATERS  CONTAINING 
■N  AND  UNKNOWN  AMOUNTS  OF  CARBONIC  ACID. 

parison  of  the  results  obtained  with  known  solutions 
acid  indicate  the  relative  and  actual  accuracy  of  these 
xjs.  Solutions  containing  known  amounts  of  free  and 
carbonic  acid  were  prepared  by  neutralizing  partially 
neasured  quantities  of  a  0.02  normal  solution  of  sodium 
irith  a  0.02  normal  solution  of  sulphuric  acid.  Solu- 
ilcium  and  magnesium  salts  were  introduced  in  order 
bases  might  be  present  and  thus  produce  an  artificial 
ng  approximately  the    same  composition  as  natural 

table  shows  the  amount  of  free  carbonic  acid  obtained 
)n  known  to  contain  44  parts  per  million.  This  solu- 
ined  no  calcium  or  magnesium  salts.  The  term 
nethod"  has  been  used  in  the  column  headings  of  the 
:ables  in  the  sense  in  which  it  was  defined  in  the  first 
this  paper.  Strictly  speaking,  in  the  absence  of  mag- 
;s  where  the  use  of  ammonium  chloride  is  unnecessary, 
is  could  have  been  headed  "  Pettenkofer  method;" 
id  confusion  the  definitions  first  given  have  been  ad- 

jwiNG  Free  Carbonic  Acid  Found  in  a  Solution  Known 
TO  Contain  44  Parts  Per  Million. 

Trillich  melhod.  Styltr  mMliml. 

I  41.7 

I  43.7 


ree  and  half-bound  carbonic  acid  were  present  together 
amounts  the  following  results  were  obtained  : 
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a  Showing  Free  and  Half-Bound  Carbonic  Acid  Fodnd  in 

rUTiON  Known  to  Contain  8  Parts  Free  and  40  Parts  Hah 

Bound  Carbonic  Acid.    (Free  and  Half-Bound 

Acid  Equals  48  Parts  Per  Million.  ) 

Seylti  method. 


sh  mtthod. 

[iSd.5d'. " 
■ant  per 

Fncicid, 

HBir-bound  acid. 
Parupcr 

Fm.iid 

47.0 

7.0 

"0.™ 

47.8 

46.: 

6.1 

41-3 

47-S 

46.1 

6.6 

41-3 

47-9 

47-0 

7.0 

41-3 

48.3 

47-0 

7-9 

4'.3 

49-> 

450 

7-9 

41-3 

49.1 

45-4 

7'5 

41-3 

48.8 

46,1 

7-9 

40.8 

48.7 

46.1 

7.0 

4T.3 

48.3 

10  46.1  7-9  41-3  49-» 

Average.       46.J  7.3  41.J  48.5 

le    foliowing    table  shows  the   results  obtained  with  1 

ods,  when  the  solution  contained  double  the  amount  ol 

lalf-bound  carbonic  acid  as  was  present  in  the  solution 

h  the  6gures  in  the  preceding  table  were  obtained. 

E  Showing  Free  and  Half-Bound  Carbonic  Acid  Found  in 

[iTioN  Known  to  Contain  t6  Parts  Free  and  80  Parts  Hau 

Bound  Carbonic  Acid.    (Free  and  Half-Bound 

Acid  Equals  96  Parts  Per  Million.) 

Seyler  method. 


H  and  hsH- ' 

loutid  add. 

Fteeadd. 
Panaper 

Halfbound  acid. 

Pneandl 
bound  ao 
Pampe 
millKn 

91.  a 

"s's" 

78.» 

94-0 

91.0 

14-5 

Si. I 

95-6 

9I.O 

14.1 

81.1 

95-* 

905 

14-5 

80.2 

95-J 

90-5 

15.0 

80.  J 

94-7 

Average,      91.0  14.8  80.1  94.9 

I  attempt  has  been  made  in  our  work  with  Pettenkofer'i 
ich's  methods  to  differentiate  by  titration  (accordin 
ich's  method),  the  free  carbonic  acid  from  the  half-be 
ming,  however,  that  the  half-bound  acid  in  the  above 
Is.  as  shown  by  the  average,  80,1  parts  per  million,  thei 
:arbonic  acid  by  Pettenkofer's  or  Trillich's  method  woul 
irts  minus  80.  i  parts  or  10.9  parts  per  million. 
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lowing  table  are  shown  comparisons  made  with  solu- 
ling  known  amounts  of  free  and  half-bound  carbonic 
hich  also  contained  varying  but  known  amounts  of 
salts. 

ma  Free  and  Half-Bound  Carbonic  Acid  Found  in  So- 
CnowntoContain  4.9  Parts  Free  AND  4>-6  Parts  per 
)N  OF  Half-Bound  Carbonic  Acid,  and  with  Varv- 
iG  Amounts  of  Magnesium  Sulphate.     (Free 
AND  Half-Bound  Acid  Equals  46.5 
Parts  per  Million.) 

Trillicb  Scyler  method. 

tqaiv-   Fnc  anil       1 

...        ^.,<t-.._j     ..... J  lUIf.lK 


4-3  4T.2  45-5 

4.0  41.9  45.9 

4.0  41.6  46.6 

4.6  41.3  45.8 


ge.         438  433  4-3  41.6  45-9 

as  in  the  preceding  tables  that  the  half-bound  car- 
on  an  average  41.6  parts  per  million  in  the  above  so- 
the  Pettenkofer  results  indicate  3.2  parts  per  milHoa 
mic  acid  and  theTrillich  results  1.6  parts  per  million, 
ins  were  also  made  on  natural  waters  containing  un- 
ints  of  free  and  half-bound  carbonic  acid.  The  first 
lielow  shows  the  results  obtained  on  a  sample  of  Ohio 
by  the  three  different  methods.  This  sample  of  water 
i  a  gravimetric  determination  lo  parts  per  million  of 
oxide  equivalent  to  a  correction  to  be  applied  to  the 
res  of  1 1  parts  per  million. 

iwiNO  Amount  op  Carbonic  Acid  Found  in  Ohio  River 
Water  bv  the  Three  Methods. 

>*llenkoffr         Trillieh                                 Seyl»r  melhod. 
mrthod.  m«liod.        . ' . 


mdhod. 

carboDk 
Psrw  jKr 

method. 
Fiw.nd 

Parts  per 

44.6 

43-9 

43' 

439 

43-1 

44-4 

41-S 

45.6 

44-6 

44- a 

44-6 
-43-I 
46.0 

43-3 
40.4 
40.4 
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8  14.9  15.4  0.4  16.6  17.1 

9  13.1  16. 8  0.4  16.6  17.1 

Average,      14.1  16,3  0.4  16.4  16J 

['he  following  well  water  was  also  examined  and  is  given 
istration  of  a  water  highly  charged  with  carbonic  acid  an 
ning  a  large  quantity  of  mineral  salts,  especially  those  ol 
ium.  A  gravimetric  determination  of  the  calcium  and 
ium,  and  also  of  the  sulphuric  acid,  gave  the  following  ri 
We  LI.  Water. 

Parts  per  ibiltioii 

Lime(CaO)  378 

Magnesia  (MgO)   118 

Sulphuric  acid  (SO,)  351 

The  free  and  half-bound  carbonic  acid  were  determined  I 
ee  volumetric  methods  and  the  results  obtained  are  sho 
following  table : 

iLB  Showing  Amount  of  Carbonic  Acid  Found  in  a  Well  ' 
BY  THE  These  Methods. 

Snler  mclhod. 

Petteiikolet         Tdllich  . ■ 

metbod.             method.  Vnt  id 

Free  and  half-  Free  and  bair-  boun 

bound  car-         bound  car-  Free  car-            Hatf-bound               br 

bonic  Acid-         booic  add.  bonic  acid.        carbonic  acid.              a 

Pan>  per           part*  per  Part*  per              Patti  per              p«r 

lo.              milllDn.             million.  million.                million.                 mi 

I  141  a4J.4  63.4  176.4  13 

3  141  136.5  66.g  176.4  14 

3  ni  J36-5  ^s  '76*  '* 

4  34'  246-5  65.1  177.4  14 

5  238  14J.4  68.6  176.4  34 

verage,    340.4  340.8  66.5  176.6  14 

Vs  would  be  expected  the  variation  in  the  above  result: 
le  cases  considerable,  but  the  greatest  difference  is  less  t1 
ts  per  million  and  the  greatest  variation  from  the  mean 
results  is  less  than  5  parts  per  million. 
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of  the  above  analysis  were  all  obtained  on  waters 
xtld  reacted  neutral  or  acid  to  phenolphthalein. 
other  class  of  waters,  which  when  cold  react  alka- 
Iphthalein,  and  which  in  consequence  require  a 
f  Seyler's  method  as  previously  described.  The 
ters  belonging  to  this  class  does  not  seem  to  be  at 
the  writers  have  never  examined  but  one  water 
this  feature.  Seyler  states  that  pure  sea  water  is 
nolphthalein.     He  gives  the  following  analysis  : 

'  carbonic  acid  o 

■bound  carbonic  acid 44.0 

d  carbonic  acid , 51.7 

Total  carbonic  acid 9J.7 

i  that  he  has  found  well  waters  which  upon  stand- 

the  air  for  some  time,  reacted  alkaline  to  phenol- 
1  that  such  waters  contained  considerable  mag- 
ate, 
have  found  that  at  certain  times  the  Mississippi 
alkaline  to  phenolphthalein.  How  long  such 
r  at  what  seasons  of  the  year  they  occur,  we  have 
tportunity  to  determine.     It  is  quite  probable  that 

alkali  waters"  of  the  Western  plains  would  react 

nolphthalein  as  they  contain  carbonates  of  sodium.- 
:ed  that  water  which  has  stood  in  the  iron  pipes  of 
for  some  time,  will,  when  first  drawn,  react  alka- 
phthalein.     This  is  due  probably  to  the  free  car- 

bicarbonates  in  the  water  reacting  with  the  iron  of 
rm  carbonate  of  iron,  and  thus  leaving  in  solution 

of  normal  calcium  and  magnesium  carbonates, 
xamined  by  us,  which  reacted  alkaline  to  phenol- 
ami  xed  sample  of  Mississippi  river  water.  Thesam- 
n  during  the  mouth  of  September,  1900,  opposite 
is.  When  examined  it  was  found  to  give  a  strong 
1  phenolphthalein.  Its  average  approximate  com- 
i  follows ; 

Fann  per  niJIKDn. 

35.6  equivalent  lo  63.5  parts  CaCO,. 

16.0  •■  ■•  33.6     ■■      MgCO,. 

(SO,) 7-a 

6.3 

:Bcid(CO,) 39.8  "  "  90.4     "      when     ex- 

prcMcd  in  the  form  o(  calcium  carbonate. 


IgO 
id(f 
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-om  a  consideration  of  these  results  it  is  more  than  pi 
the  magnesium  was  present  partly  as  normal  magi 
onate  (MgCO,),  and  the  calcium  as  calcium  bicarb 
r  a  limited  quantity  of  the  sample  was  available  for 
ital  purposes.  The  following  table  shows  the  average 
its  obtained  in  determining  the  carbonic  acid  by  thi 
metric  methods. 
(BONic  Acid  Obtained  in  a  Sample  of  Mcssissippi  Rf  ver  W 

•etlCDkofn  method.  Trillich  method.  Scylcr  method. 


«car'  Ktir-bouod  Free  car-  Half-bound  Ft«  car-  Half-m] 

icadd.  carbonic  add.  boniocid.  carbonic  acid,  bonicacid.  carbonic 

taper  Parti  per  Parta  per  Farta  per  Pan*  per  Parti 

llloa.  million.  million.  million.  million.  mil) 

O  O  o  34.6  O  35 

■ven  different  portions  of  this  water  treated  according 
ofer's  method  showed  that  in  no  instance  was  any  i>ari 
:ide  used  up,  and  that  on  an  average  only  60  parts  p 

(expressed  in  terms  of  CaCO,)  of  carbonates  were 
d  out,  which  still  left  in  solution  about  30  parts  per  t 

reason  for  this  is  not  clear,  but  it  is  probable  that  t 
ium  chloride  used  was  one  factor  which  was  instrumc 
ing  a  portion  of  the  carbonates  in  solution.  Whetl 
jlved  organic  matter,  which  was  in  considerable  amou: 
her  cause  of  such  unusual  results,  we  are  unable  to  st 
n  artificial  water  prepared  so  as  to  contain  approximat 
i  amounts  of  calcium  and  magnesium  carbonates  a 
ent  in  the  Mississippi  river  sample,  gave  the  following  i 

Pettenkofer  method.  Trillich  method.  Seyler  mcti 


j  water  contained  11  parts  per  million  of  magnesium 

valent  to  a  correction  in  the  Trillich  method  of  12  ps 

ion. 

he  tendency  here  i.s  for  Pettenkofer's  method  to  give 

5,  but  the  carbonates  are  not  affected  to  the  extent  tht 

;  in  the  river  water. 
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CONCLUSIONS. 

From  a  consideration  of  the  data  obtained  in  this  investigation, 
it  appears  that  the  Lunge-Trillich  or  Seyler  method  is  the  most 
accurate  of  the  three  volumetric  methods.  The  *  *  free  and 
half-bound  carbonic  acid"  as  determined  on  known  amounts  by 
this  method  is  on  an  average  less  than  i  per  cent,  too  low  and 
shows  a  possible  range  of  less  than  ±:  3  per  cent.  The  accuracy 
of  the  determination  of  the  *'  free  carbonic  acid''  is  somewhat  less, 
and  although  the  percentage  error  for  low  amounts  is  rather  high, 
the  variation  from  the  actual  amount  is  not  more  than  2  to  3 
parts  per  million.  These  results  are  always  too  low  and  introduce 
into  the  determination  of  the  * '  volatile  carbonic  acid*  *  the  larger 
proportion  of  the  error. 

Trillich's  modification  of  Pettenkofer*s  method  is  less  accurate 
than  the  Seyler  method  but  more  accurate  than  the  Petten- 
kofer.  Results  obtained  with  either  Pettenkofer's  or  Trillich's 
method  are  almost  always  too  low.  They  probably  give  figures 
which  are  on  an  average  between  5  and  10  per  cent,  too  low.  While 
Trillich's  method  gives  more  uniform  results  than  Pettenkofer's 
the  figures  appear  to  be  about  5  per  cent,  too  low,  and  they  may 
be  as  much  as  10  or  12  percent,  too  low. 

Pettenkofer's  method  is  inclined  to  give  still  lower  results  and 
although  those  obtained  seemed  to  be  only  from  i  to  2  per  cent, 
lower  than  those  obtained  with  Trillich's  method,  yet  it  appears 
somewhat  unreliable  and  one  in  which  under  some  conditions  ex- 
tremely erratic  results  are  likely  to  occur.  With  very  low  amounts 
of  carbonic  acid  the  percentage  error  in  both  Pettenkofer's  and 
Trillich's  methods  are  much  greater  than  those  stated  above, 
although  it  may  only  represent  an  actual  diflFerence  of  from  3  to  4 
parts  per  million. 

For  ease  and  rapidity  of  manipulation,  for  avoidance  of  diffi- 
culties arising  from  the  presence  of  magnesium  salts,  and  for  its 
greater  accuracy,  the  Lunge-Trillich  or  Seyler  method  is,  in  the 
opinion  of  the  writers,  to  be  preferred  to  either  of  the  other  two 
Tolnmetric  methods. 

Laboratory  "  Commissionbrs  op  Water  Works," 
Cincinnati,  Ohio. 


N0TE5. 

Notes  on  the  Paper  by  Hiltner  and  ThaUher}—t\\s 
proposed  in  the  paper  is  a  modification  of  the  Sachs-L 
mudification  of  Pellet's  "  instantaneous  aqueous  i 
method.""  The  device  of  weighing  any  convenici 
tity  of  pulp  and  adding  thereto  the  proper  propc 
quantity  of  a  mixture  of  water  and  lead  acetate  solntii 
suggested  by  Walawski  in  1894,  has  been  practiced  in  t 
ratory  for  the  two  seasons  past.  In  1899,  or  earlier, ; 
burette  was  obtained,  the  same  being  made  to  order  for 
pose,  after  a  drawing  and  description  devised  and  wro 
Dr.  G.  L.  Spencer. 

The  ideas  contained  in  the  paper  that  are  new,  ot 
those  mentioned  above,  seem  to  be  principally  in  regai 
allowance  to  be  made  for  the  liquid  matter  in  the  beet  p 
the  means  of  determining  the  amount  of  allowance  to  t 
It  seems  that  the  authors  of  the  paper  are  in  error  :     , 

First,  because  they  base  their  corrections  on  the  perce 
water  in  the  beet,  instead  of  on  the  percentage  of  liquic 
in  the  beet.  The  substances  (sugar,  etc.)  dissolved  in  t1 
contained  in  the  beet  must  necessarily  increase  the  volunu 
water  as  calculated  from  its  weight  at  a  given  temperatui 
P-  309)- 

Second,  because  their  determinations  of  water  cont 
beets,  as  reported  on  pages  308  and  309  are  higher  thai 
cated  by  previous  results  of  determinations  of  the  an 
fiber  contained  in  beets.  For  example,  if  in  Table  I  ■ 
the  following  additions,  we  obtain  totals  that  are  too  hig 

Average  water 84.64  S3.05  83.10            S 

.\verage  sugar 9.00  ir.oo  13.00           i. 

Average  noD-sugar  (cal- 
culated)      2.35  1.94  3.39 

ToWl 9S.89  95.99  97.39  % 

Difference  (marc) 4.11  4.01  3.61  : 

The  non-sugar  is  here  obtained  by  calculation  from 
centage  of  sugar,  assuming  a  purity  coefficient  of  80  in 

1  So  tbis  Journal,  jj,  199. 

•  Ste  Bpeneer's  "Handbook  tor  Beet-Sugar  Chemisls."  p.  181. 


in  the  other  three  cases.  As  httle  as  4  per  cent,  of 
wible,  but  2,61  per  cent,  is  doubtful,  and  2,28  per 
ore  so.  Making  the  same  calculations  from  data  given 
,  we  obtain : 


;  water 81.74    81.00    84.51     83.27    81.89    S'*' 

e  sugar 11.70     11.90      8.60     11.80     ia.30     13.60 

r  non-8«gar...     3.18      1.98      3.15       1.95      3.08      3.40 

Total 97.61     96.88    95.?6    98.0J     97.17    98.11 

ice  (marc)....      2.38      3.1a      4.74       1.98      a.73       1.79 
fntages  of  non-sugar  given  in  this  table  are  calculated, 
purity  of  80  for  the  juices  of  the  beets. 

data  obtained  in  these  two  tables,  the  authors  con- 
.  of  these  figures  indicate  that  for  beets,  most  of  which 
pcen  8 per  cent,  and  14  percent,  of  sugar,  83  per  cent, 
sumed  as  an  average  water  factor  without  there  being 
in  any  individual  case  of  more  than  3  per  cent." 
ie  of  pulp  having  83  per  cent,  of  water,  26.048  grams 
I  21.62  grams  of  water  measuring  21.62  Mohr's  cc.  at 
Lssuming  a  purity  coefficient  of  80,  a  beet  containing 
>f  sugar  would  contain  10  per  cent,  of  soluble  solids, 
ontaining   14  percent,   of  .sugar  would  contain  17.5 

soluble  solids.  If  a  solution  be  prepared  for  analysis 
[6.048  grams  of  pulp  with  78.38  Mohr's  cc.  of  water 
17.5"  C. ,  we  would  have  in  the  two  cases: 

B«U  contiinlae  S        BttV-  coDtalnins  14 
ptr  Mm,  ungiir.  per  MUt.  iiig«r. 

n  pulp II, 6l  al.6a 

solids  in  pulp 1,6048  45584 

added 78,38  78.38 

Total-...   103.6048  104.5584 

age  of  soluble  solids  in  the 

■re 2.54  436 

:  gravity  of  the    liquid    in 

"irture 1.0099a  1,01714 

:  of  the  liqtlid  in  the  uiiX' 

Mohr's  cc.  at  17.5*  C io[,6o  ioj,8o 

by  this  method,  therefore,  the  volume  of  the  solution 
6  to  2.8  per  cent,  too  great  under  the  conditions  of 
Karaples.  The  soluble  solids  materially  increase  the 
he  solution. 

lary  manner  of  arriving  at  the  allowance  to  be  made 
by  this  method  is  to  assume  an  average  juice  content 


4  NOTES.     - 

r  the  beets,  and  allow  for  the  volume  of  the  assumed  qu: 
juice  of  average  density. 

In  the  case  of  beets  containing  95  per  cent,  of  juice,  3 
aras  of  pulp  contain  24.7456  grams  of  juice,  or  23.60  cc. 
e  juice  is  12°  Brix,  and  22.84  <^-  when  the  juice  is  20°  Bi 
In  case  of  90  per  cent,  juice,  26.048  grams  of  pulp  cc 
.4432  grams  of  juice  ;  or  22.36  cc.  and  21.64  *^-  °^  I'l'^ 
e  cases  of  12°  Brix  and  20°  Brix  juice  respectively.  A 
ing  these  data  in  the  form  of  a  table  we  have  ; 

Volume  of  Juice  Containbd  in  36.048  Grams  of  Pulp. 

11°  Brix.         10°  Brix.  Mnns. 

95  percent,  juice--..  33.60  31.84  33.33 

90  percent,  juice....  3^.36  21.64  21.00 

Means 21.98  32.24  23.61 

A  quantity  of  liquid  of  16°  Brix  that  measures  22.61  cc.  at 
weighs 24. OQ44gramsandcontaiiis3. 8550 grams  of  solids. 
,  of  liquid,  12°  Brix,  weigh  24.7456  grams  and  contain  2 
Eimsof  solids.  21,64  cc.  of  liquid,  20°  Brix,  weigh  23 
ams  and  contain  4. 6886  grams  of  solids. 
If  26.04S  grams  of  beet  pulp  of  the  qualities  just  describ 
xed  at  17.5'  C,  with  water  equivalent  to  100  cc.,  less  thi 
le  of  liquid  contained  in  the  pulp,  mixtures  of  the  folic 
mpositions  and  properties  will  be  obtained  : 

s,^       i%        ^ 

s^  a-s  »§ 

■ss  .S.S  -;: 

Ir        If        iL 
Ih      ^'h      -^r 

|Sb  |i!S  |!1S 

Water  contained  in  pulp 31.7763        18.7546  20.1394 

Added  water 76.40  78.36  77.39 

Soluble  solids  in  pulp I-9694  4.68S6  38550 

Total 101.1456       101.8033         101.4S44 

Percentaffe  of  soluble  solids  in 

the   miiture 3.94  4.61  3.80 

Specific  gravity  of  the  liquid 

in  the  mixture 1.0115  1.0)814  1.01491 

Volume  of  the  liquid  in  the 

mixture,     Mohr's     cc.    at 

'7-5"  C 99.996         99.989  99.993 

The  quantities  of  water  added  in  the  first  two  cases. 
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ly  I  cc.  from  the  last  mean  case.  If  we  use  77  cc. 
as  directed  by  the  Sachs-Le  Docte  method,  irrespec- 
qttality  of  the  beets,  we  have  errors  as  follows  in 
:  cases : 

BcelK  contain  i  Dg        B«tl  contnin  ing 

95  per  cent,  o(  90  p«r  ctnt.  of 

io=Brii.  ijuBrix. 

ODtaiaed  in  pnip 19.7965  10.6300 

dded  (Sachs-Le  Docte) 77.0000  77.0000 

solids  in  pulp 4'949i  1.813a 

Total. .-•  toi.7456  100.443a 
ige    of    soluble  solids  in  the 

re 4.86  1.80 

gnvity  of  the  liquid  in  the 

re t.01914  1.01094 

of  liquid  in  the  mixture  in 

'sec.  at  17.5°  C 99.83  99.3S 

e  the  other  two  extremes,  we  have  for 

Mpercent  of  90  p<r  ceui  of 


ontained  in  pulp 71.776]  18.7546 

idded  (Sach»-Le-Docte) 77.0000  77.0000 

solids  in  pulp >-9^  4.6886 

Total....  101.7456  100.4431 

age   of   soluble  solids  in   the 
re a.92  4.67 

gravity  of  the  liquid  in  the 

re t. 01 143  i.otS]8 

of  the  liquid  in  the  mixture 
ihr'scc.at  17.5°  C 100.60  98.63 

xtreme  cases  the  error  varies  from  o.  17CC.  to  1.37 
ir,  fromo.6cc.,  too  great  a  volume,  to  1.37  cc.,  too 
me.  The  increase  of  the  volume  of  the  water  con- 
i  pulp,  due  to  matter  dissolved  in  it,  is  not  appreci- 
i  when  the  liquid  is  diluted  to  100  cc.  It  therefore 
:he  error  attending  the  use  of  the  Sachs-Le  Docte 
;  23  cc.  for  the  liquid  contained  in  the  pulp  will  not 
than  that  attending  the  method  of  Hiltner  and 
This  is  especially  true  when  26.048  grams  of  pulp 
ith  177  cc.  of  water  instead  of  77  cc. 
ise  of  beets  that  are  both  very  rich  and  very  dry 
heir  conditions  of  growth  or  storage,  the  proportion 
be  added  to  a  given  weight  of  pulp  should  undoubt- 
eased. 


NEW    BOOKS. 

'he  balance  meatioued  on  page  314  I  believe  to  be  the  "Ste 
tador,  Pracisionswaage  ohne  Benutzung  von  Gewicht 
have  tried  this  balance  in  this  laboratory  for  the  pur 
itioned  and  have  found  it  to  be  wholly  inaccurate  and  us 
this  purpose. 

)n  page  309,  the  authors  of  the  paper  are  led  to  make  an  ur 
icism  of  the  method  proposed  by  Walawski,  because  of  a  t 
phical  error  made  by  us  in  the  translation  of  Sachs'  ps 
lawski  recommended  the  addition  of  a  weight  of  water  equ 
mes  the  weight  of  the  pulp  and  not  3.6  times  the  weigl 
pulp  as  stated. 

n  the  closing  paragraphs  of  their  paper,  the  authors  desi 
application  of  their  method  to  the  analysis  of  beet  ju 
ch  needs  a  word  of  comment. 

'hey  state  that  "  A  water  factor  of  85  per  cent,  was  adopt 
s  implies  that  the  beet  juices  were  assumed  to  contain  i; 
t.  of  total  solids,  which  corresponds  to  a  specific  gravit 
1133.  26.048  grams  of  juice  of  this  density  measure  2 
lir's  cc.  at  17.5"  C.  At  30°  C.  the  specific  gravity  w 
somewhat  less ;  the  volume  would  be  approximately  3 
hr's  cc.  It  is  difficult  to  understand  how  the  excellent) 
ative  results  would  have  been  obtained  by  the  authors  of 
er  by  allowing  only  22. 14  cc.  for  the  increase  in  the  vol 
he  mixture  due  to  the  beet  juice.  E.  E.  EwEL 
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:  Tksting  and  Valuation  of  Raw  Materials  Used  in  Paint 
>LOiiR  Manupacture.  By  M.  W.  Jonbs,  F.C.S.  A  book  for  tbi 
atones  of  colour  works.  88  pages.  Price,  (i.oo. 
Excepting  a  chapter  on  oils,  this  book  is  devoted  to  a  gei 
vey  of  the  most  important  inorganic  raw  materials  used  b] 
le.  The  subjects  treated  under  separate  headings  are:  C 
',  ammonium  hydrate,  acids,  ultramarine,  oils,  and  the  1 
nds  of  aluminium,  iron,  potas-sium,  sodium,  chromium, 
per,  lead,  zinc,  manganese,  arsenic,  antimony,  calcium,  bar 
mium.  mercury,  cobalt,  and  carbon, 
uitable  tests  are  given  for  the  detection  of  impurities 
Iterants  ;  and  the  schemes  of  analysis  are  familiar  ones,  sin; 
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accurate,  and  precisely  described.  Gravimetric  methods  are 
given  in  nearly  every  case  supplemented  in  many  instances  by 
volumetric.  The  chapter  on  oils  is  confined  to  the  estimation  of 
fatty  acids  in  Turkey-red  oil,  and  to  the  detection  in  linseed  oil 
of  mineral,  resin,  raw  or  boiled  oils. 

The  book  is  an  excellent  compilation  which  will  undoubtedly 
find  favor  in  the  laboratory.     It  has  an  index. 

C.  W.  Parm^lee. 

Christian  Friedrich  Schonbbin,  i  799-1868.  Kin  Blatt  zur  Geschichte 
des  19.  Jahrhimderts,  von  Georg  W.  A.  Kahi,baum  und  Kd.  Schabr. 
2  vols.,  Leipzig,  1899-1901.  Vol.  I,  230  pp.  Portrait ;  Vol.  II,  326  pp. 
(Viertes  imd  sechtes  Hefte  Monographien  aus  der  Geschichte  der  Chemie, 
heranagegeben  von  Georg  W.  A.  Kahlbaum. ) 

These  two  volumes  contain  the  life  history  of  that  remarkable 
man  who  will  always  be  remembered  as  the  discoverer  of  four 
notable  things  of  diverse  nature  in  their  physical  and  chemical 
aspects,  the  Passivity  of  Iron,  Ozone,  Guncotton  and  Collodion. 

The  author,  who  occupies  the  chair  of  chemistry  in  the  Uni- 
versity of  Basle,  has  enjoyed  the  best  opportunities  for  gathering 
the  data  needed  for  his  work  ;  from  the  three  living  daughters  of 
Schonbein,  from  his  friends  both  in  Germany  and  in  England, 
he  has  had  for  study  not*  less  than  1600  letters,  and  through 
libraries  and  personal  friends  he  has  consulted  350  of  Schonbein 's 
printed  papers.  And  with  these  aids  he  has  portrayed  the  man 
in  his  scientific  pursuits  and  social  life. 

Schonbein,  who  was  born  i8th  October,  1799,  in  what  is  now 
known  as  the  kingdom  of  Wtirtemberg,  inherited  a  love  for 
chemistry  from  his  father,  who  was  a  dyer  and  as  such  occupied 
with  problems  requiring  chemical  knowledge.  At  the  age  of 
twenty-one  he  entered  the  manufactory  of  chemicals  of  Dr.  J.  G. 
Dingier,  in  Augsburg,  where  his  daily  labor  extended  from  6  a.m. 
to  7  P.M.,  leaving  him  only  from  4  to  6  a.m.  and  from  7 
to  10  P.M.  for  private  study  and  recreation.  For  this  he  received 
board  and  lodging  and  200  to  300  florins  a  year.  Dingier  had 
just  begun  to  publish  his  Polytechnisches  Journal.    ( 1 820-1 901 ) . 

After  studying  some  semesters  at  the  Universities  of  Tiibingen 
and  Erlangen,  he  secured  a  position  as  teacher  of  physics,  chem- 
istry, and  mineralogy  in  the  educational  institution  founded  a  few 
years  before  by  Friedrich  Frobel,  of  kindergarten  fame.  In  1826 
we  find  him  a  teacher  in  London,  and  in  1828  again  on  the  con- 


.»• 


•    T 


I* 


i  NBW   BOOKS. 

eat,  teaching  experimental  chemistry  at  the  Univeraly 
ile,  where  he  was  made  professor  of  chemistrj'  and  physics 
(5- 

iVe  cannot  in  a  book-review  further  follow  his  fortunej 
:h  detail ;  suffice  it  to  say  that  he  made  all  his  notable  disc 
es  after  he  had  reached  the  age  of  36,  and  while  holding 
lir  just  named  ;  he  read  his  paper  on  the  passivity  of  iron 
e  the  Natural  History  Society  of  Basle  in  1835  ;  hediscov( 
>ne  in  1839  and  worked  at  it  until  i36o;  and  his  disco\'erie 
QCOttOD  and  of  collodion  were  made  between  1846  and  1S53 
The  long  studied  and  puzzling  problems  connected  with  m 
1  ' '  antozone, ' '  that  occupied  so  much  of  his  life  are  here 
th  with  a  minuteness  not  elsewhere  found  ;  the  claim 
lers  to  the  di3co\'ery  of  guncotton  are  dwelt  upon  fully,  am 
dgnificant  to  read  that  Schonbein  reaped  about  $20,000  fi 
discovery,  while  Alfred  Nobel  gained  no  less  t 
),ooo,ooo. 

schonbein  enjoyed  the  friendship  of  nearly  all  his  contempora 
the  physical  sciences  ;  his  correspondence  with  Faraday  fo 
Glume  edited  by  Kahlbaum  and  Darbisbire  and  publishec 
ndon  in  1899. 

The  volumes  under  review  form  so-important  a  contributioi 
;  history  of  chemistry  that  no  library  can  well  afford  to 
;hout  them.  H.  Carrington  BoI,TO^ 

B  Elementary  Principles  OP  Chemistry.  By  A.  V.  E.Young.  11 
iv  +  J5»pp.  New  York:  D.  Appleton  &  Co.  1901.  Price,  (i.aa 
The  author  of  this  book  desires  "that the  first  notion  ofati 
)uld  come  to  the  student  -  through  his  own  observation" 
ivides,  with  this  end  in  view,  a  relatively  large  amount 
oratory  work,  more  of  which  is  quantitative  in  character  t 
isual  in  elementary  courses. 

'.n  a  pamphlet  entitled  "  Suggestions  to  Teachers,"  which 
apanys  the  book,  Professor  Young  points  out  the  advanb 
the  plan  which,  he  advocates,  indicates  the  amount  of  time 
red — eight  hours  per  week  for  thirty-five  weeks, — and  g 
pful  advice  to  teachers.  The  greater  part  of  the  time  is, 
itly,  to  be  devoted  to  the  laboratory  work. 
The  introductory  chapters  discuss  matter,  energy,  chen 
1  physical  properties,  the  fundamental  laws  of  chemical  act 
livalent  and  combining  weights  and  methods  for  obtain 
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atioDs,  the  reUtioD  between  the  volume,  pressure,  and 
re  of  gases,  etc.  Then  follows  a  chapter  on  the  atomic 
theories,  the  distinction  between  the  theories  and  the 
ch  they  are  intended  to  explain  being  clearly  shown. 
ir  has  been  very  successful  in  presenting,  with  a  limited 
aretical  considerations,  the  prevailing  views  of  chemists, 
naining  two-thirds  of  the  book  give  a  clear,  and  suffi- 
1  description  of  twenty-five  elements,  and  some  of  their 
s,  the  order  of  treatment  being  that  of  their  increasing 

weights.     The  writer  believes  that  this  part  of  the 
auld  have  been  of  more  value,  if  enough  elements  bad 
ribed  to  show  more  clearly   the   relation  of  elements 
to  the  same  groups. 
;ond,  which  may  also  be  obtained  separately,  contains 

for  work  in  the  laboratory.     Illustrations  of  twelve 
led  chemists  and  physicists  are  an  attractive  feature  of 
L.  B.  Hall. 
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leatary   Principles  of   Chetnistiy.     By  A.  V.  E.  Young.     New 
ppleton  &  Co.    1901.    liv  -f  106  pp.     Price,  f  1.30. 
□■  to  Teachers ;  designed  to  accompany  "  The  Elementary  Prin- 
emUtry."    By  A.  V.  E.  Young.    New  York  ;  D.  Appleton  &  Co. 

Ozone  and  Water.  A  practical  treatise  of  their  utiliuition  and 
,  grease,  soap,  paint,  glue,  and  other  industries.  By  W.  B. 
•ndon  :  Scott,  Greenwood  &  Co.;  New  York  :  D.  Van  Nostrand 
85  pp.    Price,  Jj.oo. 

Dg  and  Valuation  of  Raw  Materials  used  in  Paint  and  Colour 
t.  By  M.  W.  Jones.  F.C.S.  London  :  Scott,  Greenwood  &  Co.; 
D.  Van  Nostrand  Co.  1900.  88  pp.  Price,  fs.oo. 
ifacture  of  Lake  Figments  from  Artificial  Colours.  By  Francia 
a.  London:  Scott,  Greenwood  &  Co.;  New  York:  D.  Van 
i.     1900.    136  pp.     Price,  t3-°°- 

Tosion.  Anti-fouling  and  Anti-corrosive  Paints.  By  Louis 
m.  Translated  from  the  German  by  Charles  Salter.  London ; 
iwood&Co.;  New  York:  D.  Van  Nostrand  Co.  1900.  viii + 
ice,  $4.00. 

1  Glne  Testing.    By  Samuel  Rideal.     D.Sc.Lond.      London  : 
iwood  &  Co.;  New  York  r  D.  Van  Nostrand  Co.     1900.    viii  + 
ice.  J4.00. 
.pperatus  for  the  Determination  of  the  Melting-Point  of  Fats. 
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\y  Prank  T.  Shutt  and  H.  W.  Charlton.  Canadian  Experiments  with  N 
in  for  Promoting  the  Growth  of  I.<eguines.  By  Frank  1.  Shntt  and  A 
Iharron.  From  the  Transactions  of  the  Royal  Society  of  Canada .  Se< 
ieriea,     19CX1-1901.     Vol.  VI.  Section  III. 

Report  of  the  Connecticut  Agricultural  Experiment  Station  for  the  ' 
nding  October  31,  1900.  Part  III.  Peach  Foliage  and  Fungicides  —  L 
ture  of  Plant  Diseases  >- Fertilizers  for  Forcing  —  House  Crops  —  Chet 
irafting  —  Insect  Notes  —  Tobacco  Experiments  ^  Protection  of  SI 
'rees  —  Cattle  Foods.     New  Haven,  Conn.     169  pp.     16  plates. 

Commercial  Feeding  StuSs  in  the  Connecticut  Market.  Bulletin 
Connecticut  Agricultural  Experiment  Station,  New  Haven,  Conn.     39  p 

On  the  Separation  of  Alumina  from  Molten  Magmas,  and  tbe  Forau 
{Corundum.  ByJ.H.  Pratt.  From  the  American  Journal  of  Sdi 
lo\.  VIII.    5  pp. 

On  the  Mode  of  Occurrence  of  Ruby  in  North  Carolina.  By  J.  W.  ; 
Jid  W.'E.  Hidden,  with  crystallographic  notes  by  J.  H.  Pratt.  Fnmi 
American  Journal  of  Science.  Vol.  VIII.     13  pp. 

Talc  and  Pyrophyllite  Deposits  in  North  Carolina.  By  Joseph  I 
>ratt.     North  Carolina  Geological  Survey.     Economic  Papers,  No.  3.  » 

The  Farmer's  VegeUble  Garden.— Bulletin  No.  61.  16  pp.  The  Ms 
glasses  of  Horses. — Bulletin  No.  63.  12  pp.  Seed  Com  and  Some  Stan 
Varieties  for  Illinois. — Bulletin  No.  63.  18  pp.  Treatment  of  Oati 
imut. — Bulletin  No.  64.  t6  pp.  Construction  and  Care  of  Earth  Roai 
lulletin  No.  65.  31  pp.  University  of  Illinois  Agricultiu^  Experu 
itation,  irrbana,  111. 

Select  Metboda  in  Food  Analysis.     By  Henry  Leffmann.  A.M.,  M.D., 
VilliamBeam,  A.M.,  M.D.    Philadelphia:  P.  Blakiston's  Son  &  Co. 
,83  pp.     Price,  fi.50. 

Orchard  Experiments.  Bulletin  No.  73.  Hatch  Experiment  Statii 
he  Massachusetts  Agricultural   College,    Amherst,    Mass.     March, 

5  pp. 

Eggs  and  Their  Uses  as  Food.  By  C.  F.  Langworthy,  Ph.D.  Fan 
tulletin  No.  118.  It.  S.  Department  of  Agriculture,  Washington.  I 
901.     33  pp. 

Summer  Forage  Crops.  Bulletin  No.  73.  Hatch  Experiment  Stati< 
he  Massachusetts  Agricultural    College,  Amherst,    Mass.    March, 

6  pp. 

Feitiliiei*— Truck  Shipments— Sweet  Potatoes.  Vol.  33,  No.  4.  Thi 
etin  of  the  North  Carolina  Stote  Board  of  Agriculture,  Raleigh,  N.  C.  I 
901.     36  pp. 

Thirteenth  Annual  Report  of  the  Hatch  Experiment  Station  of  the  M 
buaetts  Agricultural  College.  January,  1901.  Public  Document  Nt 
3*  PP- 


BOOKS   RECEIVED. 


441 


Qualitative  Chemical  Analysis :  a  Guide  in  Qualitative  Work,  with  Data 
for  Analytical  Operations  and  Laboratory  Methods  in  Inorganic  Chemistry. 
By  Albert  B.  Prescott  and  Otis  C.  Johnson.  Fifth  Revised  and  Enlarged 
Edition,  Entirely  Rewritten.  New  York:  D.  Van  Nostrand  Co.  1901. 
xi  -  420  pp.    Price,  I3.50. 

Public  Water  Supplies.  Requirements,  Resources  and  the  Construction 
of  Works.  By  F.  E.  Turneaure,  C.E.,  and  H.  L.  Russell,  Ph.D.  With  a 
Chapter  on  Pumping  Machinery.  By  D.  W.  Mead,  C.E.  New  York  :  John 
Wiley  &  Sons;  London:  Chapman  &  Hall,  Ltd.  1901.  xiv -f  74^  pp. 
231  figures.     Price,  I5.00. 

Jafarbuch  des.  Verein  der  Spiritus-Fabrikanten  in  Deutschland,  des 
Verems  der  Starke-Interessenten  in  Deutschland  und  der  Brennerei-Berufs- 
genossenschaft.  Erster  Jahrgang.  1901.  Ergangungsband  zur  Zeitschrift 
fur  Spiritusindustrie.  Fur  die  Schriftleitung  verantwortlich  Dr.  G.  Heinzel- 
mann.    Berlin  :  Paul  Parey.    316  pp.     Price,  6  M. 

Atoms  and  Energies.  By  D.  A.  Murray.  New  York  :  A.  S.  Barnes  & 
Company.     1901.     202  pp.     Price,  1 1.25. 

A  Mica-Andesite  of  West  Sugarloaf  Mountain,  Boulder  County,  Colorado. 
Some  Relations  of  Tetrahedral  Combinations  to  Crystalline  Form.  By  John 
Charles  Blake.  Proceedings  of  the  Colorado  Scientific  Society,  Vol.  7.  pp. 
13-36.    Denver,  Colo. 

The  Chemistry  of  the  Jaborandi  Alkaloids.  By  H.  A.  D.  Jowett.  The 
Phannacology  of  the  Jaborandi  Alkaloids.  By  C.  R.  Marshall.  Remarks  on 
Hxtractum  Jatx>randi  Liquidum.  By  H.  A.  D.  Jowett  and  C.  R.  Mar- 
shall.   Reprinted  from  th^  British  Medical  Journal ,  Oct.  13,  1900.     13  pp. 

A  New  Admixture  of  Commercial  Strophanthus  Seed.  By  Pierre  Elie 
Fflix.  Perr^d^a.  12  pp.  Researches  on  Morphine,  Part  II.  By  S.  B. 
Schryrer  and  Frederic  H.  Lees.  18  pp.  The  Constitution  of  Pilocarpine, 
Part  II.  By  H.  A.  D.  Jowett.  23  pp.  From  the  Wellcome  Chemical  Re- 
search Laboratories, Frederick  B.  Power,  Director,  6  King  St.,  Snow  Hill, 
London,  E.  C. 

Induction  Coils.  How  to  Make,  Use,  and  Repair  Them.  By  H.  S.  Norrie 
(Nonnan  H.  Schneider).  Second  edition,  revised  and  much  enlarged. 
New  York:  Spon  &  Chamberlain.     1901.     xi  -|-  269  pp.     Price,  $1.00. 

American  Handy-Book  of  the  Brewing,  Malting,  and  Auxiliary  Trades. 
Copiously  illuatrated.  By  Robert  Wahl  and  Max  Henius.  Chicago  :  Wahl 
&  Henius,  294  S.  Water  St.    xv  -f- 1266  pp.     Price,  $10.00. 

Humns  and  Soil  Nitrogen  ;  Climatic  Studies  with  Wheat,  Oats  and  Corn 
Brome  and  Timothy  Compared ;   Austrian  Brome  Hay.     By   E.    F.    Ladd 
Mletin  No.  47,  North  Dakota  Agricultural  College.     March,  1901.     32  pp 
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THK  Sheffibij>  Laboratory  of  Yale  Uni- 
versity.] 
iME  ADDITI0N-REACTI0N5  OP  THIO  ACIDS. 
Bt  Hekkv  L.  Wheeler. 

^raoce  of  an  article  by  A,  Eibner*  on  a  halogen-sub- 
linomercaptan,  in  which  some  addition-reactions  of 
cid  to  compounds  containing  the  unsaturated  group- 
ire  described,  has  induced  the  writer  to  publish  an 
some  experiments  which  have  been  done  here  along 
s.  In  the  article  referred  to,  it  is  shown  that  thio- 
acts  on  trichlorethylidendiphenamine, 

CC1,CH(NHC,H.)„ 
rmation  of  acetanilide,  hydrogen  sulphide  and  a  com- 
::hissaid  to  have  the  properties  of  acetylphenyl-a- 
lorethyl  mercaptan.  It  is  also  stated  that  benzyliden- 
tes  with  thioacetic  acid  to  form  the  addition-product, 
H)NC,  Hj.COCH,. 

lown  by  Wheeler  and  Barnes*  that  the  phenylhydra- 
:hylthiocarbomc  ester,  C.HjNH— N^CCSC.HJOC.H., 
th  thiobenzoic  acid,  yielding  ethylthiolbenzoate, 
!!,H„  and  phenylthiolcarbazinic  ethyl  ester, 

C,H,N  H — NHCO.SC,Hs. 
ction  evidently  involves  a  sort  of  addition  different  from 

™.Cb.,M,6s6(19i>0- 
■.y.,a4,6i(i9oo). 
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it  described  by  Eibner,  These  two  modes  of  addition  t 
•resented  as  follows : 

>C  —  N—         >C— N 
II  II 

RCOS  H  HS     COR 

I.  II. 

The  ease  with  which  Etboer's  addition-products  give  acet: 
licates  that  the  addition  takes  place  according  to  (11). 
isibility,  however,  that  they  may  have  the  str 
:h(SCOCH,)NHC,H„  and  that  the  addition  takes 
«rding  to  (I)  is  not  excluded  by  the  evidence  thus  fa 
::ed. 

^hanlaroff"  found  that  thioacetic  add  combines  with  the  — 
lup  in  thiocyanates;  and  in  papers  from  this  laboratory 
in  proved  that  the  addition  takes  place  according  to  (II), 

CH,COSH  +  RSCN  =  CH.CONHSCSR. 
[t  has  been  shown  by  Wheeler  and  Merriam*  that  ii 
mates,  RN^CS,  in  general,  react  readily  and  quantity 
Ji  thioacetic  and  thiobenzoic  add,  even  in  boiling  be: 
Iding  substituted  amides  and  carbon  disulphide. 
The  final  result  of  the  action  in  this  case  is  in  all  prob 
iceded  by  the  formation  of  an  unstable  addition-pi 
ordingto  (II),  which  decomposes  as  follows  : 

C,H,N=CS  +  HS.COC,H,  =  C,H.CO(C.H.NjCSSiH 
This  is  confirmed  by  the  fact  that  thiobenzoic  add  and  j 
cyanate  give  the  addition-product,  C,H(CO(C,H,)NC 
icb  can  easily  be  isolated.  It  may  be  crystallized  fromal 
1  is  stable  at  temperatures  below  97°. . 
rhiobenzoic  add  unites  with  anudines,  and,  as  migl 
^ected,  quite  stable  addition-products  or  salts  result.  Wl 
:  addition  takes  place  according  to  the  first  method,  ] 
ers  of  thiolbenzoic  add  (III),  or  according  to  the  st 
:h  the  formation  of  diamidomercaptan  derivatives  (IV) 
;  be  definitely  decided  at  present, 

/NHX  .NXCOC,H. 

RC— SC0C,H5  RC<  SH 

\NHY  ^NHY 
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The  evidence  thus  far  obtained  appears  to  favor  the  view  that  the 
addition  takes  place  as  represented  by  (III).  Such  a  compound 
would  not  separate  hydrogen  sulphide  without  decomposition, 
while  if  the  products  have  the  structure  (IV),  or  are  simple  pen- 
tavalent  nitrogen  derivatives,  they  might  easily  be  desulphurized. 

The  addition-product  in  the  case  of  diphenylformamidine 
decomposes  on  fusion,  with  evolution  of  little  more  than  traces 
of  hydrogen  sulphide,  into  thioformanilide  and  benzanilide. 
Alkalies  remove  thiobenzoic  acid  and  not  hydrogen  sulphide. 

The  above  view  receives  further  support  from  the  behavior  of 
imidoesters.  Thiobenzoic  acid  readily  reacts  with  imidoesters, 
and  the  products  are  a  thiol  ester  and  an  amide.  The  reaction 
evidently  takes  place  by  addition  to  the  double  union  according 
tol,  as  in  the  case  of  the  above-mentioned  phenylhydrazone.  It 
may  be  represented  as  follows  : 

C.H.C^  +  HSCOC.H.  =  C,H,C— 1SC0C.H. 

That  the  decomposition  proceeds  in  the  above  manner,  and  not  as 
tepresented  by  (V),  is  shown  by  the  behavior  of  phenylacet- 
imidomethyl  ester  towards  thiobenzoic  acid  (VI)  : 

_        i  /NH, 

C.H.C-SiCOC.HJ  C.H.CH.C-iSCOC.H. 

\6c;;h;"  nqjch,    i 

V.  VI. 

The  amide  obtained  in  the  latter  case  is  phenyl  acetamide,  in- 
stead of  benzamide,  and  consequently  the  esters  formed  in  these 
reactions  are  thiol  and  not  thion  derivatives. 

An  analogous  reaction  takes  place  in  the  case  of  acylpseudo- 
thioureas.  Benzoylpseudobenzylphenylthiourea  gave  benzoyl- 
pbenylthiourea,  when  heated  on  the  water-bath  with  thiobenzoic 
add: 

C^5CON=C(SCH,C,H4)NHC,H,  -^  C.H.CONHCSNHCeH,. 

Thiobenzoic  acid  readily  reacts  with  acetonephenyl  hydrazone, 
on  the  steam-bath  in  an  entirely  different  manner  from  that  of 
benzoyl  chloride^  and  the  mixture  shows  very  little  loss  in 
weight.  5-Monobenzoylphenylhydrazine  separates  in  quantity, 
while  only    a  small    amount    of    dibenzoylphenylhydrazine    is 

*  Fteer:  Am,  Chem.J.,  ai,  i8  (1899). 
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obtained.  In  addition  to  this,  con^derable  neutral  oil  n 
which  cannot  be  purified  by  distillation  under  dimin 
pressure.      The  thio  acid  acts  in  this  case,  tlierefore,  accord 

(II). 

The  action  of  thiobenzoic  acid  on  ureas  has  been  examin 
the  case  of  diphenylthiourea.  It  has  been  shown  by  Deninger' 
in  the  presence  of  pyridine,  benzoyl  chloride  and  this  urea 
a  dibenzoyl  derivative,  while,  according  to  Dains,*  to  prod 
reaction  without  pyridine  it  is  necessary  tu  heat  the  mateni 
a  high  temperature.  At  150°  phenyl  mustard  oil  and  benza 
are  quantitatively  obtained. 

I  have  found  that  thiobenzoic  acid  acts  on  this  urea  in  bi 
benzene,  and  that  the  action  is  similar  to  that  of  benzoyl  chl< 
although  the  products  obtained  are  benzanilide,  carbon  disulf 
hydrogen  sulphide,  and  regenerated  diphenylthiourea. 

The  action  can  be  explained  by  the  assumption  tha 
thiourea  contains  a  C^=N  group,  and  that  either  addition 
place  according  to  II,  or,  that  the  acid  decomposes  the  urea 
aniline  and  phenyl  mustard  oil  as  the  first  stage  of  the  rea 

It  has  been  found,  in  regard  to  the  use  of  thiobenzoic  ac 
a  means  of  introducing  the  benzoyl  group  into  aryl  amines, 
it  reacts  as  easily  as  thioacetic  acid'.  For  example,  wheni 
with  aniline,  hydrogen  sulphide  is  evolved  in  the  cold, 
benzanilide  is  quantitatively  formed. 

On  the  other  hand  it  combines  with  ammonia  and  a 
amines  to  form  more  or  less  stable  salts.  The  product  of  the 
of  thiobenzoic  acid  and  diisobutyl  amine,  C,HjCOSH.HNtC, 
can  be  repeatedly  crystallized  from  alcohol  without  evolutii 
hydrogen  sulphide.  A  similar  behavior  of  the  ph 
sulphocarbazinic  acid  salts  of  aryl  and  alphyl  an 
C,H,NH— NHCS.SH.H.NR,  has  been  observed  by  Buscl 
Rider.'  The  former  give  thiosemicarbazides  while  the  a 
salts  do  not.  Thiobenzoic  acid  also  reacts  on  the  steam 
with  alcohols  and  phenols,  forming  benzoic  esters. 

EXPERIMENTAL  PART. 
Benzoylihwlcarbanilic  And,  C.H,COCC,H.)NCO.SH.— W 

'  Btr.  d.  chtm.  Gts..  iB,  13)1  (1S9;}. 

t  Thia  Journat.  ja,  191  (1900), 

>  PBwlcwIky  :  Btr.  d.  clum.  Gts..  31,  661  (1698). 

'  Ber.d.cktm.  Cti,.ao,  843  (189J). 
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le  solution  of  phenyl  isocyanate  (3  grams)  and  tbiobenzoic 
3.5  grams)  were  mixed,  heat  was  evolved  and  the  yellow 
if  the  thio  add  disappeared.  On  cooling,  a  mass  of  fine 
ss  needles  separated.  These,  crystallized  from  alcohol, 
.  at  gy^-gg"  with  effervescence  and  a  nitrogen  determina- 

Calcalated  for 

C„H|iO,Na.  Found. 

ritrogen 5.44  5-35 

;n  this  compound  was  heated,  it  gave  off  a  combustible  gas 
I  and  on  crystallizing  the  residue  from  alcohol,  benzanilide 
g  at  161°  was  obtained. 

iholic  ammonia  converts  this  addition -product  into  am- 
m  thiolbenzoate  and  phenylurea. 

;n  thioacetic  acid  was  added  to  para-tolyl  isocyanate  under 
'  conditions  para-acettoluide  was  directly  obtained. 
hmyl/ormamidtne  and  Thiobenzoic  Acid  (by  Bayard 
1).— When  3  grams  of  the  amidine  were  dissolved  in  ben- 
nd  2. 1  grams  of  thiobenzoic  acid  were  added,  a  mass  of 
3S  needles  separated,  weighing  4  grams.  These  melted  at 
31°  and  could  be  crystallized  from  benzene  or  a  mixture  of 
le  and  ligroin,  with  only  slight  decomposition.  A  nitrogen 
LinatioD  gave : 

calculated  for 
CnHitONiS.  PonDd. 

litrogen 8.38  8.56 

I  grams  of  this  addition -product  were  melted  in  an  oil-bath 
°-i5o'*.  On  cooling  and  treating  the  mass  with  dilute 
1  hydroxide  a  residue  remained  which  crystallized  from 
1  in  plates  melting  at  i6o°-i6i°  (benzanilide).  Onadding 
:hloric  acid  to  the  alkaline  extract  a  precipitate  waa 
ed  which  crystallized  from  alcohol  in  plates  and  melted  at 
[38°  (thioformanilide).  When  the  addition- product  was 
I  with  alkali,  diphenylformamidine  was  obtained. 
tenylmonopheTiylamidine  and  Thioben*m.€  Acid  (by  Bayard 
)).— This  product  crystallized  from  benzene  in  yellowish- 
aeedlesand  melted  at  I4i''-i42°.  A  nitrogen  determination 


iitrogen 8.3S  8.50 

tenylphenylparatotylamidine    and    Tkiobemoic  Acid 
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Bayard  Bames). — The  amidine  was  prepared  from  benza: 
imide  chloride  and  paratoluidine.  On  mixing  this  in  b( 
with  thiobenzoic  acid  a  pale  yellow  precipitate  separated,  n 
at  I3i''-i32°.     A  nitrogen  determination  gave  : 

CalcuUled  for 
C„H„ON,S.  Fom 

Nitrogen 6.60  -6.61 

This  compound  did  not  decompose  as  smoothly,  on  heatij 
that  in  the  case  of  diphenylformamidine.  The  yellow  p 
soluble  in  alkali  as  well  as  that  which  was  insoluble  was  a 
ture.  In  all  probability  both  thiobenzanilide  and  thiobenzt 
were  formed. 

BensitnidonormalpropyUHer  and  Thiobeneoic  Acid  (by  W 
Valentine). — Thirty  grams  of  the  imido  ester  were  treate< 
^5-5  grams  of  thiobenzoic  acid  at  0°.  A  solid  separated  ai 
allowing  the  mixture  to  warm  a  little  the  sohd  melted 
reaction  took  place  with  the  formation  of  a  precipitate. 
weighed  18.5  grams  and  it  crystallized  from  alcohol  in 
which  melted  at  128'.  A  nitrogen  determination  gave  11 
cent,  of  nitrogen,  while  the  calculated  for  benzamide  is  1 1 .5  pe 
The  oil  removed  from  the  above  weighed  36  grams.  ] 
taken  up  in  ether,  shaken  with  dilute  alkali,  washed,  drie( 
distilled  at  16  mm,  pressure.  The  portion  boiling  at  130' 
was  distilled  at  ordinary  pressure  whereupon  the  larger  p 
boiled  at  25i''-255'',  a  little  distilling  above  255°,  A  si 
determination  in  the  former  agreed  with  the  calculate 
n-propylthiolbenzoate,  C,H,CO,SC,H,, 

Calculated  for 

CioUiiOS.  Poiu 

Sulphur 17,8  17.1 

Pkenylacetimidometkyl  ester  and  Thiobenzoic  Acid  (b; 
liam  Valentine). — Twenty-five  grams  of  the  ester  and  24 
of  thiobenzoic  acid  reacted  immediately.  The  solid  materi: 
separated  weighed  15  grams,  it  was  crystallized  from  a 
whereupon  it  melted  at  i54''-i55°  and  a  nitrogen  determi 
agreed  with  the  calculated  for  phenylacetamide,  C,H,CH,C( 

Calculated  for 

C|H,ON.  Poon 

Nitrogen 10.37  10.3; 

The  oil  from  the  above  contained  benzyl  cyanide  and  w< 
obtained  in  a  pure  condition. 
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AceUmephenylkydrazane  and  Thiobenzoic  Acid  (by  William 
ValentiBe). — Thirty  grams  of  the  hydrazone  and  28  grams  of 
thiobenzoic  add  were  warmed  for  a  number  of  hours  on  the 
steam-bath,  whereupon  some  solid  material  (22  grams)  separated 
and  the  loss  in  weight  was  about  i  gram.  The  solid  material 
crystallized  from  alcohol  in  small  prisms  and  melted  at  168^- 
169^  and  a  nitrogen  determination  agreed  with  the  calculated 
for  bemoylpkenylkydrazine. 

Calculated  for 
CisHisONs.  Pound. 

Nitrogen 13.  i  13.0 

On  adding  ether  to  the  oil  filtered  from  the  above  about  2 
grams  of  solid  material  separated  which,  on  crystallizing  from 
alcohol,  melted  at  I76°-I77°  and  contained  no  sulphur.  A  nitro- 
gen determination  agreed  with  the  calculated  for  dibenzoylphenyl- 
hydrazine. 

Calculated  for 
CsoHieOsNf.  Pound. 

Nitrogen 8.8  8.8 

The  ether  solution  of  the  oil  was  shaken  with  soda  and  then 
with  dilute  hydrochloric  add,  whereupon  about  10  grams  of 
nnaltered  hydrazone  were  obtained.  The  remaining  oil  decom- 
posed on  attempting  to  purify  it  by  distilling  at  reduced  pressure. 

Methyl  Alcohol  and  Thiobenzoic  Acid, — Ten  grams  of  thioben- 
zoic add  and  25  cc.  of  methyl  alcohol  were  boiled  for  twenty 
hours.  The  alcoholic  solution  was  then  treated  with  water  and  a 
Kttle  sodium  bicarbonate,  whereupon  7  grams  of  methyl- 
benzoate  boiling  at  198^-200®  were  obtained.  Calculated  yield, 
9.9  grams.  The  action  of  thiobenzoic  add  and  phenol  under  the 
same  conditions  was  much  slower. 

Diisobutylammoniumthiolbenzoate,  CeHjCOSH.HNCC.H,),.  — 
When  the  calculated  quantity  of  thiobenzoic  acid  was  added 
to  diisobutyl  amine,  cooled  in  a  freezing- mixture,  the  material 
solidified  to  a  crystalline  mass,  while  only  a  very  little  hydrogen 
sulphide  was  evolved.  On  crystallizing  the  material  twice  from 
alc»hol  it  formed  beautiful  colorless  flattened  prisms  which  melted 
in  a  closed  tube  at  124**.     A  nitrogen  determination  gave  : 

Calculated  for 
CuHuONS.  Found. 

Nitrogen 5.24  5.43 

This  salt  dissolved  in  water,  and  silver  nitrate  gave  a  pure  white 
precipitate  which  blackened  on  boiling. 

Nbw  Havbn,  Conn.,  May  31,  1901. 
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STUDIES  ON  SOLUTIONS  OF  STANNOUS  SALTS, 

Bv  S.  W.  Yocifo. 

PART  I.  THE  COURSE  OF  THE  REACTION  BETWEEN  : 
NOUS  CHLORIDE  AND  OXYQEN. 

IN  a  previous  paper"  it  was  pointed  out  that  there  we 
probable  courses  which  the  reaction  between  stannous 
ride  and  free  oxygen,  in  presence  of  hydrochloric  acid, 
take ;  vie. , 

SnCI,  +  2HCI  +  O  =  SnCl.  +  H,0 
and 

SnCl,  +  3H,0  +  O  =  Sn  (OH).  +  2HCI. 

It  was  also  suggested  that  it  might  be  possible  to  deti 
which  of  the  two  reactions  was  the  one  actually  occurring 
if  stannic  chloride  were  first  formed  it  would  afterward 
hydrolyze  and  thereby,  on  account  of  the  formation  of  fi 
drochloric  acid  in  the  solution,  one  would  observe  a  grad 
crease  in  the  conductivity  of  the  solution  for  some  time  afi 
oxidation  was  complete.  Among  others  Kohlrausch*  hasrc 
investigated  the  change  of  conductivity  with  the  time,  in  I 
prepared  solutions  of  stannic  chloride,  and  found  that  for 
solutions,  the  increase  was  quite  noticeable,  but  lasted  for 
comparatively  short  time,  when  the  conductivity  becam< 
tically  constant.  In  stronger  solutions  (about  half-uormi 
increase  in  the  conductivity  was  still  perceptible  after  severa 

The  following  investigations  were  carried  out  in  the  t 
applying  this  phenomenon  to  the  determination  Of  the  pi 
or  absence  of  stannic  chloride  in  freshly  oxidized  solut 
stannous  chloride.  In  order  that  the  results  might  be  as  c 
sive  as  possible  several  oxidizing  agents  besides  oxygen  w 
vestigated.  Among  these  a  somewhat  special  interest  isat 
to  sodium  hypochlorite,  since  Thomsen'  found  that  wil 
oxidizing  agent  he  obtained  a  very  constant  value  for  the  1 
oxidation  of  stannous  chloride,  whereas  with  chlorine  the 
obtained  were  very  irregular.  One  might  surmise  from  thi 
the  course  of  the  oxidation  was  somewhat  different  in  tl 
cases. 
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results  of  the  research  are  classified  as  to  the  oxtdiziag 
used.  The  general  method  was  to  oxidize  the  solution  as 
'  as  possible,  transfer  it  to  a  conductivity  flask  and  begin 
rements  as  soon  as  the  solution  had  acquired  the  tempera- 

the  thermostat.  The  solution  for  oxidation  was  freshly 
ed  for  each  experiment.  The  hydrochloric  acid  concentre- ' 
IS  varied  in  different  experiments  for  reasons  which  will 
The  concentration  of  the  stannous  chloride  was  the  same 
experiments,  viz. ,  2  grams  of  the  crystallized  salt  in  100 
e.,  about  0.16  normal.  (Titrations  gave  results  as  follows: 
,  0.1623,  0.1630.) 
tneasurements  were  made  in  a  thermostat  at  25"  C.     The 

cannot  be  used  as  a  measure  of  isothermal  reaction  veloc- 
cause,  on  account  of  lack  of  proper  facilities,  it  was  neces- 

I  allow  the  thermostat  to  cool  down  each  night. 

I .      OXIDATION  BY  MBANS  OF  FREE  OXYGEN, 
tions  D.I,  0.2,  0.3,  0.4,  and  0.5  normal  in  hydrochloric 
ere  investigated.     Since  the  oxidation  ordinarily  goes  very 
,  all  oxidations  with  free  oxygen  were  accelerated  by  means 

II  quantities  of  hydrogen  sulphide.'  The  time  required  for 
ion  was  from  five  to  fifteen  minutes,  according  to  the  acid 
ts  of  the  solution. 

)wing  are  the  tabulated  results  of  the  measurements  with 
:ygen.  T  is  time  in  hours  and  K  is  specified  conductivity 
[vocal  ohms. 

A.    Mbasureubnts  with  0.1  Normal  HCl. 
=     o  J^  a  4  19  21 

^  0.05999    0.06071    0.06159    0-06310    0.06247    0.06385 
=     o  Vh  ><  K  I  3         5H         2A>i 

=  0.0797    0.0813    0.0818    0.0814    o.o8j7    0.0845    0-0853    0.0869 


B.  Mbasurembnts  with  0.3  Normal  HCl. 
—     o  i}^        4J4        6  n>i       iSH 

=  0.1140  0.1165    0.1180    0.1193    0.1 193    0,1195 

=.     o  u}4        19?^  24        6S}i         93 

=:  O.II33     0.1168     O.I3I3      0,I330     0.t333      O.I333 
iJOBrnaLaj,  144- 
Bis  expcrimedt  only  1  gnmof  ■Umwiu  chloride  per  IMCC.  n 


452  S.  W.  YOUNG, 

C.  Measuxbuents  with  0,3  Normal  HCl. 

1.    T  =     o  yi         aaji        28        47^        97ji        lao 

K  =0.1010    0.1397    0.1523    0.1530    0.1540    0.1544    0.1544 

D.  MEASUKBUSmS  WITH  0.4  NOIUIAL  HCl. 

I.    T  =     o            'l„         H  V  >i  H  3 

K  =0.1313  0.1390  0.1+05  0.1433  0.1433  0.1464    0.1615 

T  =     4            4Ji  18^  31  7»  I30 

K  =0.1661  0.1670  ai783  o.i8o3  0.181S  0.1838 

E.  Measureusnts  with  0.5  NoRMAi.  HCl. 
I.    T  =     o  a  }i  23         a8j4         48 

K -=0.1454    0.1460    0.1850    0.1910    0.1967    0.2064 

T  -    73}i       97>i        lao        >43 

K  =0.3110  aai33  0.3160  0.2I75 
Prom  a  consideration  of  tbe  above  results,  it  is  appara 
in  all  cases  there  is  an  increase  in  the  conductivity  of  thes 
tions  with  the  time.  Further,  this  increase  is  greater  foi 
tions  more  concentrated  in  hydrochloric  than  for  those  le 
centrated.  This  increase  is  very  rapid  at  first,  but  its  ra 
idly  lessens.  Thus  it  will  be  seen  that  a  difference  of  a  fe 
utes  in  the  manipulation  at  the  start  makes  a  very  conai 
difference  with  the  value  of  the  total  increase  observed,  b 
have  but  little  influence  upon  the  total  time  required  for  t) 
ductivity  to  become  constant.  Thus  the  greater  length  c 
required  for  attaining  equilibrium  is  more  characteristic  fc 
centrated  solutions  than  is  tbe  absolute  value  of  the  incr 
conductivity.  In  most  cases  the  latter  value  is  also  grea 
concentrated  than  for  dilute  solutions.  The  phenomena 
whole  correspond  almost  exactly  to  those  observed  by 
rausch'  upon  dilution  of  stannic  chloride  with  water,  an< 
can  be  little  doubt  but  that  the  oxidation  of  stannou; 
ride  by  free  oxygen  leads  primarily  to  the  foimation  of  i 
chloride  which  then  hydrolyzes,  more  rapidly  in  dilute  I 
concentrated  solution.  Thus  the  surmise  made  in  a  pi 
paper*  that  the  oxidation  leads  directly  to  the  formation  o 
nic  or  metastannic  acid  is  not  confirmed.' 

2.      OXIDATION  BY  MEANS  OF  POTASSIOM  BICHROHAT 

The  method  of  operation  in  this  case  (as  in  all  following 

was  to  weigh  out  the  stannous  chloride,  add  a  requisite  ami 
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ichloric  add,  oxidize  with  the  dissolved  oxidizing  ageu 
lis  case  potassium  bichromate),  and  finally  to  bring  the  solu 
o  required  volume  with  water.  It  was  then  placed  in  tb 
ictivity  flasks,  and  measurements  made  as  before.  The  spe 
conductivities  in  this  case  are  naturally  considerably  les 
when  the  solutions  were  oxidized  with  oxygen,  on  accoun 
:  conversion  of  hydrochloric  acid  to  potassium  and  chromiuD 
des. 

F.  MSASDREUENTS  WITH  0.3  NORlfAL  HCl. 

-     o         '/i,         H        H        }i  1        iji      i6>i     aoji      a4 

=  0.0645  0.0650  0.0665  0.0665  0.066S  0.0674  0.0676  0.0698  0.070a  0.070 

G.  MSASXrxEUENTS  WITH  0.3  NOBMAI,  HCI. 

=     o         Vii  \i        %  I  2         21        55 

=  0.0898  ao933  0.0918  0.0943  0.0958  0.0960  0.1000  o.ioir 
=     98        i« 
=  aioiio.ioii 

H.      MSASDKEMENTS  WITH  0.5  NORMAI,  HCl. 
=      O  Vi,  X         «       i^       aofi    ,  a4ji 

=  0.119a  O.I23J  0.1363  01303  01357  0-1547  0.1552 

=     54       97       "a 
=  0.15850.15850.1585 

3.      OXIDATION  BY  HBANS  OF  FBRKIC  CHLORIDE, 
y  one  set  of  measurements  was  made  with  ferric  chlorid 
dizing  agent,  and  that  with  o.i  normal  hydrochloric  acii 
lows: 

I.    Measurements  with  o.  i  Normal  HCl . 
I.    T  -     o  V„  J«  %         2%         AH 

K  =0.1053    0.IH3    0.1153    0.I178    0.1337    0.1377 

T  =     24  38         61  104 

K  =0.01515  0.1532    0.1570    0.1581 

win  be  noticed  that  the  increase  here  is  very  much  mor 
sd  than  in  other  experiments  with  o.i  normal  hydrochlori 
The  explanation  lies  very  near,  since  the  reaction  betwee; 
ous  chloride  and  ferric  chloride  is  in  itself  a  slow  one.'  Th 
jd  of  procedure  was  somewhat  varied  in  this  case  in  tha 
nount  of  a  given  ferric  chloride  solution  necessary  to  oxi 
he  stannous  solution  was  determined  from  preliminary  es 
lents  and  this  amount  added  to  the  solution  under  investiga 

ajtt:  Zliclir.  phyi.  Ctm.,  ■«,  346. 
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tion.  The  measurements  show,  however,  an  increase  in  the  oon- 
ductivity  long  after  the  reduction  must  have  become  com^dete, 
and  the  results  for  ferric  chloride  lead  to  the  same  conclusions  as 
for  other  substances. 

4.      OXIDATION  BY  MEANS  OF  HYDROGEN  PEROXIDE. 

Three  series  of  measurements  were  made  with  hydrogen  per- 
oxide, upon  solutions  respectively  0.1,  0.3,  and  0.5  normal  in  hy- 
drochloric acid.  A  somewhat  special  interest  attaches  to  these 
experiments,  since  if  the  course  of  the  oxidation  with  hydrogen 
peroxide  showed  itself  to  be  different  from  that  with  free  oxy- 
gen, we  should  have  direct  evidence  that  the  oxidation  by  means 
of  free  oxygen  was  not  brought  about  by  the  intermediate  for- 
mation of  hydrogen  peroxide.  As  the  results  show,  however, 
the  course  of  the  oxidation  is  the  same  with  hydrogen  peroxide 
as  with  free  oxygen.  Naturally  this  fact  can  in  no  way  betaken 
as  evidence  that  in  the  oxidation  by  free  oxygen,  hydrogen  per- 
oxide is  an  intermediate  product.  Following  are  the  results  of 
these  measurements : 

J.    Measurements  with  o.  i  Normai,  HCl. 

T  =     o           Vm           ^  I           23  2^)4 

K  =0.0827  0.0837  0.0852  0.0881  0.0930  0.0932 

T  =      44          48          72K  144  168          192 

K  =0.0940  0.0943  0.0950  0.0958  0.0963  0.0963 

K.    Measurements  with  0.3  Normal  HCl. 

T  =  o     Vi«    X  Vft    I  3  6>^   2o)i 

K=  0.1223  0.1270  0.1311  0.1368  0.1395  0.1435  0.1527  0.1550, 

T  =   25    49>^    122  146    170  194  218 

K=:  0.1574  0.1583  0.1613  0.1616  0.1618  0.1622  0.1622 

L.    Measurbmevts  with  0.5  Normal  HCl. 

T  =  o  X     X  2^  5^  20    24 

K  =0.1477  0.1503  0.1523  0.1595  0.1705  0.1883  0.1927 

T  =  49  122  146  ]^7o  194  218    290 

K  =  0.2045  0.2157  0.2190  0.2213  0.2224  0.2238  0.2253 

5.      OXIDATION  BY  MEANS  OP  SODIUM  HYPOCHLORITE. 

Two  series  of  measurements  were  made  with  sodium  hypo- 
chlorite, in  solutions  containing  respectively  o.  i  and  0.3  normal 
hydrochloric  acid.  The  sodium  hypochlorite  was  prepared  by 
passing  chlorine  through  cold  dilute  sodium  hydroxide.  As  was 
mentioned  at  the  beginning  of  this  paper,  some  special  interest 
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»  to  these  measuremeiits,  since  the  heat  of  oxidation  of 
us  chloride  by  means  of  hypochlorite  was  found  by  Thorn- 
give  very  definite  results,  while  those  with  chlorine  were 
irariable.  The  results  given  below  show,  however,  that 
ilorite  forms  no  exception  to  the  other  reagents  studied,  in 
to  the  course  of  the  reaction.  Into  a  probable  explana- 
Thomsen's  results  upon  the  basis  of  these  results,  we  will 
present  enter. 

M.      MBASDREHENTS  with  O.I  NORUAL  HC1. 

>  '/it  yi         Vi,  I  ifi  »9  S3        '49 

isa    aiiSo    0.119a    0.1216    0.1333    O.H43    0,1320    0,13360.1319 

N.     MSASURSUBNTS  WITH  0.3  NORMAL  HQ. 

T=   o     V„  X          a  r  39 

K  ^0.1319  0.1338  0.1357  0.1386  0.1410  0.1710 

T  =  S3    '49  173    '97  "' 

£=0.1766  0.1830  0.1838  0.1850 

SUMMARY  OF  RESULTS. 

1  cases  examined  the  freshly  oxidized  solutions  of  stannous 
e  show  electrical  conductivities  which  increase  with  the 
This  increase  is  in  geqeral  greater  for  solutions  more  con- 
ed in  hydrochloric  acid  than  for  those  less  concentrated, 
phenomena  are,  to  all  appearances,  identical  with  those 
>y  Kohlrausch,'  and  are,  it  seems  to  me,  to  be  considered 
ig  indisputable  evidence  as  to  the  course  of  the  reaction 
n  stannous  chloride  and  the  various  oxidizing  agents  used. 
mclusioD  to  be  drawn  from  thess  phenomena  is  that  the 
ige  in  the  oxidation  of  stannous  chloride  is  the  formation 
nic  chloride,  and  that  for  this  purpose  hydrochloric  acid 
ssary.  In  a  previous  paper^  this  question  was  taken  up 
itively  and  certain  evidence  given  which  led  to  the  sur- 
lat  the  reaction  took  place  in  a  somewhat  different  man- 
is  a  result  of  the  experimental  evidence  here  given  this 
;  is  shown  to  be  wholly  unfounded.  The  two  equations 
n  the  ordinary  chemical  nomenclature,  expressing  the  two 
US  in  question,  are  as  follows  : 

SnCI,  -1-0  +  3H,0  =  Sn(OH).  +  2HCI  (i) 

SnCl,  -1-0-1-  2HCI  =  SnCl,  -1-  H,0.  (2) 
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Reaction  (2)  is  followed  by  : 

SnCl.  +  4H,0  =  Sn(OH).  +  4HCI. 

The  evidence  shows  distinctly  that  the  reaction  takes 
according  to  (2)  and  (2a),  which  latter  reaction  is  the  cai 
the  increasing  conductivity  of  the  oxidized  solutions  with 

The  settling  of  this  question  adds  one  more  case  to  thi 
reactions  which  follow  the  Ostwald  rule'  that  "wherever  1 
tertnediate  product  can  be  formed  during  a  reaction  such  pi 
is  formed,"  or  in  other  words,  the  general  tendency  is  for 
tions  to  take  place  stepwise  where  possible. 

The  conclusion  reached  as  a  result  of  the  preceding  det 
nations  ts  thus  of  fundamental  importance  in  the  correct  for 
tion  of  the  reaction-velocity  in  the  case  of  the  oxidation  of 
nous  chloride  with  free  oxygen.  Part  II  of  this  paper  -v 
devoted  to  a  brief  preliminary  discussion  of  this  point. 
PART  II.  THE  KINETICS  OP  THE  REACTION  BETWEEN  i 
NOUS  CHLORIDE  AND  OXYQEN. 

1 .  In  a  previous  paper*  the  velocity  coefficients  for  the  re 
between  stannous  chloride  and  free  oxygen  in  the  prese 
varying  quantities  of  hydrochloric  acid,  were  calculated  upi 
assumption  that  the  hydrochloric  acid  did  not  enter  directl 
the  reaction;  i.  e.,  that  its  action  was  either  catalytic,  or  el 
to  its  influence  upon  the  degree  of  hydrolysis  of  the  sta 
chloride.  The  values  of  the  coefficients  so  calculated  inc 
with  the  time  in  all  cases.  Since  from  the  nature  of  the  re 
the  concentration  of  the  hydrochloric  acid  must  be  greater 
end  than  at  the  beginning  of  the  reaction,  hydrolytic  and 
lytic  influences  could  well  explain  the  phenomenon.  The 
lytic  explanation  has  the  advantage  over  the  hydrolj^c  ■ 
that  the  phenomenon  occurs  in  concentrations  of  hydrot 
acid  so  great  that  the  hydrolysis  of  the  stannous  salt  cannc 
be  considered  to  be  very  large.  However,  the  results  gii 
the  first  part  of  this  paper  show  clearly  that  neither  expla 
is  sufficient  since  the  hydrochloric  acid  enters  into  the  re 
as  a  definite  reagent  according  to  the  laws  of  mass  acti( 
though  it  is,  of  course,  by  no  means  excluded  that  both  cat 
and  hydrolytic  influences  may  also  be  at  work. 

2.  Leaving  hydrolytic  and  catalytic  influences  out  of  coi 
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for  the  present,  and  considering  that  the  oxygen  concentra- 
constant,  we  obtain  as  an  expression  for  the  reaction  ve- 
the  equation 

^=x-iA-xr(£~x  +  H^-});        (I) 

j4  is  the  initial  concentration  of  stannous  chloride,  and  B 
f  hydrochloric  add,  and  4  is  a  function  to  be  discussed 

For  the  exponents  m  and  n  we  should  set  as  most  proba- 
ues,  wi  ^^  I,  «  =  2,  although  it  is  not  unlikely  that  «  =  i. 
"he  form  of  the  function  *  is  not  determinable  from  any 
t  hand.  Its  value  depends  upon  the  rate  of  hydrolysis  of 
:  chloride  in  varying  concentrations  of  hydrochloric  add. 
lusch'  found  that,  in  all  probability,  this  reaction  takes 
according  to  a  somewhat  complicated  law.  For  a  some- 
implified  case,  however,  an  expression  for  ^  is  dedudble. 
ase  occurs  when  the  primary  reaction  (the  oxidation)  is 
ely  slow,  and  the  secondary  one   (the   hydrolysis)  very 

A  low  concentration  of  hydrochloric  add  favors  both 
ons.  In  such  an  ideal  limiting  case  4^3,  since  for  each 
lent  of  hydrochloric  add  used  up,  two  are  formed.  Our 
m  then  becomes 

^  =  KiA-xr{B+xy.  (2) 

ueans  of  the  integrated  form  of  this  equation  I  have  calcu- 
the  velodty  coefBdents  for  the  reaction  in  question,  upon 
sumption  that  m  =:  i  and  n  =  either  i  or  7.  In  no  case 
satisfactory  set  of  values  obtained,  all  series  showing  dis- 

increasing  or  decreasing  values  of  A' with  the  time.  The 
1  explanation  is  that  the  condition  that  4  ^  3  is  not  suffi- 

approximated. 

ilthough  the  above  equation  (2)  does  not,  for  the  reason 
iven,  correctly  fonnulate  the  reaction  velodty  in  the  case 
consideration,  there  is,  nevertheless,  no  reason  theoreti- 
why  reactions  should  not  occur  which  would  be  correctly 
ated  by  it,  the  sole  condition  being  that  the  secondary  re- 
should  occur  at  a  rate  relatively  very  large  in  comparison 
lie  primary  one.  As  a  matter  of  fact  the  equation  has  been 
id\y  used  for  the  formulation  of  catalytic  reactions  in  cases 
one  of  the  products  is  a  catalysor ;  e.g.,  the  hydrolysis  of 
■  "<..  p-  *7i. 
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methyl  acetate.^  In  other  words,  from  the  standpoint  of  formu- 
lation, a  catalytic  reaction  of  the  sort  mentioned  (hydrolysis  of 
esters)  and  a  reaction  such  as  that  under  consideration  are  iden- 
tical. Thus  the  reaction  between  stannous  chloride,  oxygen,  and 
hydrochloric  acid  lends  some  experimental  basis  to  the  oft-made 
assumption  that  in  catalytic  reactions,  the  catalytic  influence  is, 
in  many  cases,  due  to  the  action  of  the  catalytic  agent  in  accord- 
ance with  the  laws  of  mass  action,  but  in  such  a  way  that  it  is 
regenerated  so  rapidly  that  we  fail  to  find  evidence  that  it  has 
gone  into  the  reaction  at  all.  Certain  it  is,  at  least,  that  if  in 
the  oxidation  of  stannous  chloride,  the  subsequent  hydrolysis  of 
the  stannic  chloride  were  excessively  rapid,  we  should  naturally 
explain  the  whole  influence  of  hydrochloric  acid  as  catalytic. 

5.  Prom  the  foregoing  it  is  seen  that  the  equation  (2)  may  be 

brought  to  apply  to  reactions  in  which  it  is  not  at  all  necessary 

to  assume  the  presence  of  catalytic  influences.     Equation  (2) 

may  in  all  cases,  with  proper  choice  of  A  and  B,  show  a  maxi- 

dx 
mum  for  -r^.     Thus  the  statement  made  by  Ostwald*  to  the 
a  J 

effect  that  such  maxima  can  only  occur  when  catalytic  influences 
are  at  work,  is  too  broad.  Such  maxima  are,  from  the  foregoing, 
seen  to  be  possible  from  a  theoretical  standpoint  where  catalytic 
action  is  excluded,  and  the  results  of  the  measurements  given  in 
a  previous  paper*  give  ample  experimental  evidence  of  their  ex- 
istence in  case  of  a  reaction  where,  at  present,  it  does  not  seem 
necessary  to  assume  catalytic  action. 

6.  The  perfectly  general  form  of  equation  (i)  for  several  sub- 
stances, A^y  A^,  A^,  ...  iff,,  B^y  B^,  would  be 

-^  =  Iir(A,-x)^^{A,-xr^(A,^x)-^'... 

(B,  +  ^,[_x-]y^(B,  +  *,W)'^(^,  +  ^,W)*«..-. 
where  A^,  A^,  A^,  are  substances  disappearing  and  not  reappearing 
and  B^ ,  B^^  B^.are  substances  disappearing  but  reappearing  as  the^^ 
suit  of  secondary  action  in  quantities  greater  than  the  quantities  dis- 
appearing. Such  an  equation  may  have  a  considerable  number  of 
maxima  and  minima,  as  is  determinable  by  simple  algebraic  consid- 
erations. Theoretically  then  a  series  of  maxima  are  possible  in  a 
reaction  running  in  two  or  more  stages,  when  a  su£Bcient  num- 

»  See  Ostwald  :  "  I^hrbuch",  IP,  p.  245. 
«  ••  I^hrbuch,"  IP,  p.  270. 
'  Loc.  cit. 
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ber  of  substances  are  taking  part  in  such  a  way  that  the  concentra* 
tions  of  some  of  them  increase,  and  this  without  necessarily  as- 
suming catal3rtic  influences.  This  would,  of  course,  be  equiva- 
lent to  a  "  periodic ' '  reaction  in  a  homogeneous  system.  I  know 
of  no  cases  where  such  periodicity  has  been  observed.  It  is  quite 
possible  that  the  well-known  tendency  toward  simplicity  of  reac- 
tion may  not  -allow  such  to  occur.  The  theoretical  point  is  men- 
tioned here  merely  as  a  suggestion. 

NOTE. 

In  the  first  paper  of  this  series,  measurements  of  the  electrical 
conductivity  of  stannous  chloride  solutions  are  given  and  like- 
wise of  the  influence  of  certain  substances  on  the  same.  In  the 
matter  of  the  influences  of  potassium  chloride  upon  the  conduc- 
tivity,* it  was  shown  that  the  calculation  was  one  of  great  uncer- 
tainty, so  that  a  measure  of  the  ability  of  potassium  chloride  to 
form  complex  salts  in  solution  with  stannous  chloride  was  diffi- 
cult to  obtain.  There  is  one  phenomenon  mentioned  in  that 
paper,  however,  which  is  capable  of  an  interpretation,  that,  un- 
fortunately, did  not  occur  to  me  at  the  time  of  writing,  and  that 
is  the  marked  and  ever-recurring  decrease  in  the  values  of 

— ^5 —  with  increase  in  C  This  is  just  what  would  be  ex- 
pected if  the  association  of  potassium  chloride  with  stannous 
chloride  was  very  marked.  For  such  cases  we  have  the  equa- 
tion 


(^KCl)""    X     (CsnClj) 


=  isr. 


If  -AT  is  very  small  the  first  portions  of  stannous  chloride  wiU 
combine  almost  wholly  with  the  potassium  chloride  in  the  solu- 
tion, and  a  large  reduction  of  the  electrical  conductivity  will 
occur.  This  will  be  the  result  until  a  large  portion  of  the  potas- 
sium chloride  has  entered  into  combination,  after  which  subsequent 
additions  of  stannous  chloride  will  produce  smaller  and  smaller  de- 
creases and  ultimately  an  increase.  This  is  noticed  in  the  previous 
paper*  very  distinctly  in  the  results  for  0.25  normal  potassium 
chloride  and  0.5  normal  hydrochloric  acid,  while  the  same  gen- 
eral tendency  is  noted  in  all  cases.     It  is,  peshaps,  unfortunate 

^  This  Journal,  23,  3a. 
•  loc.  at. 
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that  measurements  with  more  dilute  hydrochloric  add  » 
made,  as  in  all  probability  the  phenomeooo  would  have  bf 
more  marked  in  such  cases. 

This  is  related  here  as  a  bit  of  evidence  tending  stro 
cooGrm  the  conclusion  reached  in  the  previous  paper  tha 
slum  chloride  exhibits  a  more  marked  tendency  to  the  fo 
of  complex  compounds  with  stannous  chloride  in  solud 
does  hydrochloric  acid. 

Stanford  Univ..  Harcb  to,  1901. 


THE  REACTION   BETWEEN   CHLORINE  AND  AM» 

By  William  A.  Noves  akd  Ai^bskt  C.  Lvoh. 


1  stration  of  the  composition  of  ammonia,  the  introdm 
the  ammonia  into  the  tube  filled  with  chlorine,  is  followe 
addition  of  dilute  sulphuric  acid.  Some  years  ago,  when  [ 
ing  this  experiment,  it  occurred  to  one  of  us  that  the  ua 
sulphuric  acid  was  unnecessary,  as  any  excess  of  ammoni 
be  absorbed  by  the  large  amount  of  water  which  is  allc 
enter  the  tube  later.  The  sulphuric  acid  was  according 
ted,  but  with  the  surprising  result  that  the  tube  was  left  o 
sixth  full  of  nitrogen  instead  of  one-third  full,  as  it  shoi 
been.  Recently  an  opportunity  has  been  found  to  give  t 
ject  a  more  careful  study. 

A  glass  tube,  having  a  capacity  of  about  95  cc.  and  c 
each  end  with  a  stop-cock,  was  prepared.  This  tube,  aftt 
ing  and  drying,  was  filled  with  chlorine  which  was  gt 
from  manganese  dioxide  and  hydrochloric  acid  and  wasli 
water.  The  gas  was  passed  through  the  tube  from  belov 
portion  escaping  was  completely  absorbed  by  a  solution  of 
hydroxide.  After  removing  the  chlorine  from  the  tubes 
of  the  stop-cocks,  aqua  ammonia  was  allowed  to  enter  t 
from  above,  and,  after  shaking  gently,  was  followed  by  v 
the  residual  gas  was  at  atmospheric  pressure.  The  am 
the  nitrogen  was  then  determined  by  filling  the  tube  wit 
from  a  burette  which  was  connected  with  its  lower  end. 
It  was  soon  foued  that  when  strong  ammonia  is  used  ii 

■  The  wort  described  mihta  paptr  forma  tbc  subjccE  oF  a  theils  by  Mr.  L] 
desnc  of  Bachelor  of  Scleoce  M  the  Rose  Polyteahnic  iDBtitnte. 
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the  volume  of  the  nitrogen  is  considerably  greater  than  one-sixth 
of  the  volmne  of  the  chlorine,  and  may  approach  one-third  of  the 
volume  of  the  chlorine  but  never  reaches  that  limit.  If,  how- 
ever, a  solution  containing  0.5  per  cent  of  ammonia  is  used  in 
such  amount  as  to  leave  the  solution  faintly  acid,  the  volume  of 
the  nitrogen  approaches  very  closely  to  one-sixth  the  volume 
of  the  chlorine.  If  a  2  per  cent,  solution  of  ammonium  chloride 
is  used  instead  of  the  ammonia,  the  chlorine  is  almost  completely 
absorbed  and  the  volume  of  the  nitrogen  may  be  as  low  as  only  i 
or  2  per  cent,  of  the  volume  of  the  chlorine.  As  will  be  shown 
below  by  quantitative  results,  the  normal  reaction  between  chlo- 
rine and  ammonia  is 

12NH,  +  6C1,  =  N,  +  NCI,  +  9NH,C1. 

This  normal  reaction  is  obtained,  however,  only  when  the  am- 
monia is  used  very  nearly  in  the  proportion  indicated.  If  an  ex- 
cess of  ammonia  is  used,  it  reacts  in  part  with  the  nitrogen  tri- 
chloride, giving  free  nitrogen,  in  part,  probably,  giving  ammo- 
nium hypochlorite.' 

NCI,  +  NH,  =  N,  +  3NH,C1 ; 
NCI,  +  2NH,0H  +  H,0  =  3NH,C10. 

If,  on  the  other  hand,  too  little  ammonia  is  used,  the  ammo- 
nium chloride  formed  by  the  reaction  acts,  in  part,  on  the  chlo- 
rine as  stated  above,  with  little  or  no  evolution  of  nitrogen,  and 
the  volume  of  nitrogen  liberated  will  be  less  than  one-sixth  the 
volume  of  the  chlorine. 

In  studying  the  reaction  quantitatively,  the  tube  described 
above  was  covered  with  dark  paper  to  prevent  the  action  of  light 
on  the  nitrogen  trichloride  formed.  After  filling  the  tube  with 
chlorine  an  amount  of  0.5  per  cent,  ammonia  solution,  equal  to 
from  90  to  95  per  cent,  of  that  required  by  the  reaction,  was 
allowed  to  enter,  the  tube  was  shaken  gently,  and  then  water  of 
the  temperature  of  the  original  gas  allowed  to  enter  to  atmos- 
pheric pressure.  After  gentle  shaking  a  small  additional  amount 
of  water  would  enter,  indicating  that  an  absorption  of  some  kind 
had  taken  place,  and  the  shaking  was  repeated  till  no  more  water 
would  enter.  Whether  this  small  final  absorption  is  due  to  resid- 
ual chlorine,  or  to  the  fact  that  nitrogen  trichloride  has  an  appre- 
ciable vapor-pressure  and  is  not  quickly  absorbed  by  the  water. 


• 


^  Schdnbdn  :  J.prakt.  Ckem.,  84,  366;  PrMeniuB :  Zisckr.  anal.  Chem.^  a, 
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s  not  determined.  The  lower  end  of  the  tube  was  tbe 
:ted  with  a  burette  and  the  amount  of  water  required  to 
1)6  gave  the  volume  of  the  residual  nitrogen. 
The  contents  of  the  tube  were  then  transferred  to  a  sepe 
inel  containing  locc.  of  benzene,'  shaken,  the  benzene 
:ed,  and  this  repeated  tjvice  more.  The  benzene  containi 
:rogen  trichloride  was  shaken  at  once  with  an  excess  of 
n  of  arsenions  oxide  in  sodium  bicarbonate,  and  the  exi 
ienious  oxide  determined  with  a  standard  iodine  solutioi 
iction  is 

3As,0.  +  zNCl.  +  isH.O  =  2NH,C1  +  4HCI  +  6H^! 
Each  atom  of  chlorine  present  is,  therefore,  equivalei 
>ms  of  "  available  chlorine.'" 

After  titration  the  solution  was  distilled  with  an  exi 
ustic  soda  and  the  ammonia  in  the  distillate  was  determi 
•ans  of  a  standard  acid,  thus  proving  that  the  substat 
icted  by  the  benzene  was  really  nitrogen  trichloride. 
The  solution  which  had  been  extracted  with  henzeni 
lich  was,  as  has  been  explained,  still  slightly  add,  was  t 
th  the  same  ammonia  solution  first  used  and  the  total  an 
]uired  determined  ; 
The  results  are  as  follows  ; 

Found. 
CalcDiated.  I.  II.  III.  IT. 

lume  of  nitrogen  as  com- 

Mred  with  chlorine 16.67           [4-3>     16.31     17.63     17.11 

ailable  chlorine 50.0           49.3      43.4      35.7      45.5 

ilecnies  of    ammonia    per 

itom  of  chlorine i.o            0.97      1.03      1.04      1.0 

amonia  from  NCI..     Mots. 

per  mol  of  NCIg i.o             o.gs      1. 10      1. 10      i.ii 

Owing  to  the  instabiUty  of  the  nitrogen  trichloride  and 
:ondaTy  reactions  which  can  never  be  entirely  avoided,  ai 
reement  cannot  be  expected.  The  results  satisfactoril; 
strate  that  the  reaction  already  given  is  the  primary  c 
een  ammonia  and  chlorine. 

Probably  the  most  interesting  feature  of  the  reactio 
idied  is  the  fact  that  6  molecules  of  chlorine  most  react 
teousfy  with  3  molecules  of  ammonia,  for,  if  the  liberal 

■EnUchcl:  Btrd.ckiiH.  C<i..  30, 1434. 
»  HentKfael :  lae.  eit. 
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ten  by  the  action  of  i  part  of  the  chlorine  were  independent 
^  formation  of  nitrogen  trichloride  by  another  part,  the  con- 
relation  of  I  volume  of  nitrogen  to  6  volumes  of  chlorine 
1  be  improbable.  The  following  hypothesis  as  to  the  cause 
s  relationship  is  given  with  some  hesitation  and  in  the  hope 
t  may  lead  to  discussion  and  to  a  further  consideration  of 
T  cases.  If  we  suppose,  what  seems  not  inherently  improb- 
that  all  reactions  involving  the  decomposition  of  molecules 
-eceded  by  an  ionization  of  the  parts  of  those  molecules,  it 
I  follow  that  elementary  molecules,  as  well,  may  ionize  into 
re  and  negative  parts.  This  explanation  of  the  reaction  may 
)resented  graphically  thus  : 


H 

CI 

CI 

+ 

H 

CI 

CI 

H 

ci 

CI 

H 

a 

CI 

H 

H 

CI 

CI 

H 

H 

CI 

CI 

H 

e  explanation  given  involves  the  further  idea  that  in  the 
ition  of  ammonia  the  hydrogen  may  become  either  positive 
i^ative.  When  we  remember  the  neutral  character  of  ammo- 
nd  the  fact  that  its  hydrogen  may  be  replaced  by  either 
:ne  or  sodium,  such  a  thought  is  not  so  improbable  as  it 
I  when  first  presented. 

at  the  hypothesis  here  suggested  is  capable  of  a  wide  appli- 
L  need  hardly  be  said. 

IRE  Haittb,  Ind.,  May  15.  1901. 

BOILING-POINT  CURVe  FOR  MIXTURES  OF  ETHYL 
ALCOHOL  AND  WATER. 

ReMi.cd  Jun.  t  w. 

as  long  been  known  that  it  is  impossible  to  obtain  absolute 
Icohol  from  dilute  alcohol  by  distillation.  Some  years  ago 
1'  showed,  also,  that  a  98  per  cent,  alcohol  could  be  separated 

1  iccDuiit  of  the  iTOrk  here  described  wbi  preKnted  to  the  Faculty  of  the  Row 
hnlc  InitJtatc  u  ■  th«Ii  for  the  Deeiee  ot  Bachelor  of  Science. 
>mfl.  mi..  M,  911. 
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by  fractional  distillation  into  an  alcohol  of  97.4  percent 
volume),  and  a  residue  containing  99.5  per  cent.  While 
facts  demonstrate  that  the  boiling-point  of  absolute  alcohol 
be  higher  than  that  of  alcohol  slightly  diluted,  no  one,  so 
we  can  leam,  has  proved  this  by  means  of  a  direct  detenmoj 

The  determination  of  the  boiling-point  curve  for  alcohol- 
by  J.  K.  Haywood,'  has  come  to  our  notice  since  readin 
proof  of  this  article.  Haywood  entirely  overlooked  the  min 
point.  His  curve,  from  alcohol  of  85  per  cent,  down,  agree 
isfaclorily  with  ours. 

The  boiling-point  apparatus  of  H.  C,  Jones'  was  used  fi 
determinations.  The  tube  of  the  condenser  was  sealed  to  th 
tube  of  the  apparatus,  and  was  protected  from  the  entra; 
moisture  at  the  top  by  means  of  a  tube  filled  with  calcium  chl 
A  small  glass  tube  was  inserted  through  the  cork  beside  the 
mometer,  for  the  introduction  of  water  or  alcohol. 

The  alcohol  used  was  rendered  absolute  by  boiling  twia 
quicklime,  the  second  time  with  the  addition  of  a  small  at 
of  barium  oxide.  In  distilling  it,  the  first  and  last  portions 
rejected.  The  specific  gravity  of  the  alcohol  indicated  a  str 
of  99.98  per  cent. 

The  boiling-points  for  alcohol  from  100  per  cent,  to  64  pei 
were  determined  with  a  Beckmann  thermometer  gradual 
ViM*-  Those  from  64  per  cent,  to  o  per  cent,  were  deter 
with  a  normal  Green  thermometer  graduated  in  0.1°.  To 
mine  the  value  of  the  degrees  of  the  Beckmann  thermomet 
apparatus  was  connected  with  a  large  fiask  and  a  manomete 
the  alcohol  was  boiled  under  diminished  ant]  also  under  inci 
pressure.  In  this  way  it  y/as  found  that  a  difference  of  i  n 
pressure  caused,  at  atmospheric  pressure,  a  change  of  0.03 
the  boiling-point.  Ramsay'  and  Young's  tables  give  0.033 
I  mm.  The  value  of  the  degrees  was,  accordingly,  tab 
being  sufficiently  accurate  for  the  present  purpose. 

To  find  the  value  of  the  Beckmann  readings  in  terms 
true  thermometer  scale,  pure  water  was  placed  in  the  appa 
and  it  was  connected  with  a  large  bottle  and  a  manometer, 
pressure  was  then  reduced  till  the  water  boiled  at  about ! 
the  true  scale  and  a  series  of  readings  of  thermometer,  baroi 

>  J.  Phyi.  Ckem..  a.  iiS- 
tAm.Ci/-t.J..,9.!fi,. 

>  f.  Oum.  Six.  (toodOD),  47,  640, 
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iDometer  were  taken.  The  barometer  and  manomoCer 
s  were  corrected  to  o"  and  by  comparison  with  Regnault's 
or  the  vapor-pressure  of  water,  the  point  on  the  true  ther- 
r  corresponding  to  the  reading  of  the  Beckmann  ther- 
■r  was  determined.  From  this  vahie  the  boiling-point  of 
:  alcohol  under  a  pressure  of  760  mm.  is,  as  determined 
78.33°.  The  boiling-point  calculated  from  the  tables  of 
'  and  Young'  is  78.30°.  As  Ramsay  and  Young  doubt- 
1  much  more  accurate  means  than  we  could  command  for 
:ng  heights  of  manometer  and  barometer,  we  have  ba.sed 
les  on  their  value  for  the  boiling-point,  instead  of  our  own. 
barometer  used  was  of  the  siphon  form.  The  scale  was 
ed  with  a  standard  scale  by  means  of  a  dividing  engine 
t  was  Blled,  and  the  necessary  correction  applied.  It  was 
y  ourselves,  the  mercury  being  boiled  under  diminished 
£  during  the  filling. 

rrying  out  a  series  of  determinations  a  weighed  amount  of 
or  of  water,  or,  in  some  cases  of  dilute  alcohol,  was  put 
apparatus  and  the  boihng-point  determined.  A  weighed 
of  water  or  alcohol  was  then  added  and  the  determina- 
peated.  Each  time,  the  barometer  and  its  temperature 
Iso  read.  The  results  were  then  corrected  to  a  basis  of 
1.  by  adding  or  subtracting  Vm°  f°^  each  i  mm.  difference 
iure.  The  nature  of  the  readings  wilt  be  apparent  from 
owing  illustration.  In  correcting  the  barometer  readings 
x)rrection  of  i  mm.  for  error  of  scale  is  included. 


Series  7. 

BecknUDii 

.f 

Barometer 

readlnra  cor- 
rect b3  to 

corrected 

Beck  DUD 

Per  ccDt. 

;«omm. 

ofalcobol. 

737.6 

19-5 

736-13 

^-94T 

3-744 

99.98 

737-9 

ao.o 

73637 

2.935 

3-713 

99.51 

737-95 

ao.o 

735.4a 

1.907 

3-693 

98.97 

738.0 

18.0 

736.7a 

2.895 

3-671 

98.58 

'          743-5 

17.5 

74^.28 

3-089 

3.680 

93.4a 

'          743.7 

■  7.5 

743-48 

3-"5 

3.699 

93.10 

Started  with  44-478  grBms  of  alcohol  of  99. 

98  per  cent 

series  of  experiments,  made  before  the  use  of  the  appa- 
lad  been  sufficiently  mastered,  were  rejected.     Four  series 
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which  gave  fairly  concordant  results  were  used  to  obtai 
Values  for  the  range  from  alcohol  of  loo  per  cent,  to  92  pi 
From  these  series  the  following  values  for  each  change 
half  per  cent,  in  the  amount  of  water  were  calculated  by  i 
lation. 


ofdlcohoi. 

J. 

8. 

ID. 

11. 

Mod. 

100.0 

3-745 

3.738 

3-756 

3-759 

3.750 

99-5 

3-714 

3-708 

3-737 

3.730 

3.7*0 

99.0 

3.695 

3.680 

3.700 

3.698 

3-693 

985 

3.669 

3655 

3-687 

3.678 

3.672 

98.0 

3.653 

3.639 

3.674 

3.654 

3-655 

97-5 

3-638 

3-615 

3.658 

3.634 

3639 

97.0 

3.6*0 

3-619 

3.651 

3.63a 

3-631 

96.5 

3.624 

3.61a 

3.643 

3.639 

3-637 

96.0 

3.6i6 

3.6>3 

3-633 

3-635 

3.634 

95-S 

3.637 

3.613 

3634 

3633 

3.636 

95.0 

3.6J5 

3.611 

3638 

3.633 

3.627 

94.5 

3.636 

3.633 

3.647 

3639 

3.636 

94.0 

3-635 

3.630 

3.660 

3.655 

3-645 

93-5 

3-653 

3-644 

3-678 

3.668 

3-661 

93-0 

3.67a 

3.656 

3-698 

3.683 

3-677 

9^-5 

3-679 

3-667 

3-713 

3.705. 

3.691 

93.0 

3.694 

3.68s 

3-738 

3.738 

3.709 

The  remainder  of  the  boiling-point  curve  possesses  less 
and  it  was  not  attempted  to  secure  the  same  degree  of  ac 
From  alcohol  of  92  per  cent,  to  65  per  cent,  two  series  0 
minations  were  made  and  the  Beckmann  thermometer  w£ 

For  alcohol  from  65  per  cent,  to  o  per  cent.,  two  sen 
made  and  the  normal  Green  thermometer  was  used.  As  a 
the  stem  of  the  thermometer  was  outside  of  the  apparatus 
correction  from  the  tables  of  Rimbach'  was  used.  The  coi 
for  the  thermometer  at  100°  was  determined  in  the  apparat 
pure  water  and  the  correction  at  80°  was  determined  1 
parison  with  the  Beckmann  thermometer,  whose  value  hi 
determined  as  described  above.  As  the  two  correctioi 
different  a  table  of  corrections  for  intervening  degrees  wa 
lated  on  the  supposition  that  the  scale  of  the  thermome 
nniform. 

The  final  results  of  all  the  series  are  as  follows : 

>  Ber.  d.  chem.  Git..  >J,  3075. 
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"^nr 

otil^S^l. 

point. 

of.l^bol. 

l^nt. 

78.300 

8S.O 

78.445 

55-0 

81.77 

78.270 

87.0 

78.530 

48.0 

82.43 

78.243 

86.0 

78.575 

37-0 

83-76 

78.223 

8S.0 

78.645 

35-0 

83.87 

78.205 

84.0 

78713 

29.0 

84.86 

78.191 

83.0 

78.S06 

26.0 

85.41 

78.181 

83.0 

78.879 

,ai.o 

86.ri 

78.179 

81.0 

78.968 

30.0 

87.3> 

78.174 

80.0 

79.050 

18.0 

87-93 

78.176 

79-0 

79-133 

13-0 

90.  oi 

78.177 

78.0 

79.214 

lo.o 

91.80 

78.IS6 

77.0 

79-354 

8.0 

93.10 

78-195 

76  j> 

79-404 

7-0 

93-73 

78.211 

75.0 

79-505 

5.50 

94.84 

78.217 

73-0 

79-683 

4.50 

95-63 

78.241 

71.0 

78.86a 

3.0 

97-11 

78.359 

69.0 

So.cui 

2.0 

98-05 

78.270 

67.0 

80.237 

1.50 

98-55 

78.3^3 

65.0 

80.438 

1. 00 

98.95 

78.38-, 

63.0 

S0.643 

o.so 

99-65 

he  determination  with  small  amounts  of  alcohol  the  read- 
'  the  thermometer  were  taken  when  the  vapors  first  entered 
idenser,  as  after  boiling  for  a  few  minutes  a  relatively  large 
tion  of  the  alcohol  present  would  be  found  in  the  upper 
and  in  the  condenser,  and  the  thermometer  under  those 
ons  registered  about  0.3  higher.  It  was  shown  by  slow 
I  that  the  difference  was  not  due  to  the  lag  of  the  ther- 


fxamination  of  the  table  and  curve  shows  that  the  minimum 
;-point  is  for  alcohol  of  96  per  cent,  by  weight.  This  cor- 
ds to  97.45  per  cent,  by  volume.  Le  Bel'  gives  the  min- 
as  at  97  per  cent,  (presumably  by  volume,  though  he  does 
ike  this  statement).  His  method  would  tend  to  place  the 
um  too  low,  unless  moisture  was  very  carefully  excluded, 
ie  accompanying  figure  the  upper  part  gives  the  boiling- 
curve  for  alcohol  of  90  to  100  per  cent,  on  an  enlarged 
The  lower  portion  of  the  figure  gives  the  complete  curve, 
ill  be  seen  that  the  curve  is  steeper  on  the  side  toward  abso- 
Icohol  than  on  the  other  side.  Alcohol  of  90.7  per  cent. 
e  same  boiling-point  as  absolute  alcohol.  An  inspection  of 
irve  also  shows  very  clearly  why  it  is  easy  to  concentrate 
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alcohol   by  distillation  to  a  strength  of  30  or  40  per  cei 
weight,  while  the  further  concentration  is  relatively  dif&cu 


Rose  Polvtbcbmc  Institute, 


THE  VOLUnETRIC  DETERfllNATION  OF  ZINC. 

Bv  Fbrcv  H,  Walkbk. 

THE  most  commonly  used  method  for  the  determina 
zinc  is  the  volumetric  process  of  titrating  with  sti 
potassium  ferrocyanide,  using  either  a  uranium  solution  or 
cobalt  nitrate  or  platinum  chloride  as  indicator.  The  ferroc 
titration  has  several  disadvantages.  The  standard  solutio 
not  keep  well,  and  hence  must  be  frequently  standardize 
too  much  ferrocyanide  is  added  in  titrating,  there  is  nothini 
but  make  another  determination.  The  method  of  using  a 
cator,  by  taking  out  drops,  invariably  introduces  an  error. 

R.  K.  Meade'  has  given  us  a  method  based  on  an  e 
different  reaction.  He  precipitates  the  zinc  as  zinc  amm 
arsenate,  and  uses  this  arsenate  to  liberate  iodine,  which  i 
titrated  by  thiosulphate. 

The  most  satisfactory  gravimetric  process  for  determinic 
is  the  precipitation  of  zinc  ammonium  phosphate  and  we 

1  This  Jourtul.  aa,  353  (1900). 
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as  pyrophosphate,  an  analogous  process  being  applied  to  man- 
ganese and  magnesium. 

Many  years  ago,  Stolba^  worked  out  an  alkalimetric  method 
for  the  determination  of  magnesium,  by  titrating  the  magnesium 
ammonium  phosphate  with  standard  acid.  Handy' s  method'  is 
a  modification  of  Stolba's.  This  process  may  be  much  more 
easily  used  for  the  determination  of  zinc  than  for  magnesium. 

The  process  is  carried  out  as  follows :  To  the  zinc  solution, 
which  should  also  contain  ammonium  chloride,  a  large  excess  of 
ammonia  is  added,  then  a  large  excess  of  sodium  phosphate.  The 
solution  remains  clear ;  but  if  the  excess  of  ammonia  is  cautiously 
neutralized,  a  white  doud  is  formed  as  each  drop  of  acid  falls 
into  the  strong  ammoniacal  liquid.  On  stirring,  this  doud  dis- 
solves until  nearly  all  the  ammonia  is  neutralized,  when  the  whole 
solution  becomes  milky.  It  should  now  be  heated  to  about  75® 
C.  and  stirred  constantly,  at  the  same  time  continuing  thtt  addition 
of  dilute  acid,  drop  by  drop.  In  a  very  few  minutes  the  precipi- 
tate becomes  crystalline,  and  with  care  the  liquid  may  be  almost 
perfectly  neutralized.  It  is  a  good  plan  to  add  a  small  piece  of 
Gtmus  paper  to  the  liquid  ;  this  should  not  turn  red  but  should 
remain  blue  or  violet,  while  the  hot  liquid  should  have  no  odor, 
or  only  a  very  faint  odor  of  ammonia.  When  the  predpitation  is 
made  as  above,  the  zinc  ammonium  phosphate  is  easily  filtered, 
which  may  be  safely  done  after  five  minutes'  standing.  The  pre- 
cipitate should  be  washed  with  cold  water  until  the  washings 
show  only  a  faint  trace  of  chlorides,  then  the  paper  with  the  pre- 
cipitate returned  to  the  beaker  in  which  the  precipitation  was 
made,  an  excess  of  standard  acid  added,  a  few  drops  of  methyl 
orange,  and  the  exact  point  of  neutrality  determined  with 
standard  alkali. 

According  to  the  equation 

ZnNH.PO,  +  H,SO,  =  ZnSO,  +  NH,H,PO„ 
we  see  that  i  cc.  of  normal  add  corresponds  to  32.7  mg.  zinc.    A 
solution  of  pure  zinc  oxide  in  hydrochloric  add  was  prepared  for 
testing  this  method,  the  following  results  being  obtained  : 

Zinc  taken.  Zinc  found. 

Gram.  Gram. 

1 0.1490  0.1486 

2 0.1490  O.1481 

3 0.1490  0.1486 

*  Orn.  Cmtrbl.,  1866,  737,  728 ;  Sutton's  "  Volumetric  Analysis,"  6th  ed.,  p.  87. 
'  This  Journal,  jj,  31  (1900). 
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Since  the  zioc  ammonium  phosphate  is  not  precipitated 
mce  of  a  large  excess  of  ammonia,  the  process  may  be 
he  presence  of  magnesium  which  is  precipitated  in  the  5 
dkaline  hquid,  and  the  filtrate  from  the  precipitate  neu 
:o  precipitate  the  zinc.  About  1.15  grams  of  crystalUzi 
lesium  sulphate  were  added  to  some  of  the  zinc  solatioi 
itrongly  alkaline  with  ammonia,  sodium  phosphate  add 
ifter  standing  about  fifteen  minutes  with  frequent  ! 
iltered,  washed,  and  the  zinc  determined  in  the  filtrate, 
zinc  Ukm,  Zfnc  found. 

0.1490  0.1481 

The  process  gives  fairly  good  results  in  the  presence 
::alcium ,  and  magnesium,  as  the  following  results  will  show, 
imknown  but  rather  large  quantities  of  solutions  of  iron  ( 
i^alcium,  and  magnesium  salts  were  added  to  the  zinc  s 
the  whole  being  strongly  alkaline,  sodium  phosphate  was  a 
large  excess,  the  solution  being  in  a  graduated  flask  wfa 
ailed  to  the  mark,  mixed,  filtered  through  dry  paper 
iliquot  part  taken  for  determining  the  zinc,    ' 

zinc  taken.  Zinctimnd. 
Giam.  Gnm. 

O.I  193  O.II7> 

0,119a  0.1173 

Manganese,  however,  must  be  previously  separated,  I 
the  nitric  acid  and  potassium  chlorate  method. 

Uhivbssitv  op  Arkansas.  Mar  ^.  i9°i' 


THE    EXTRACTION    OF     HORPHINE    WITH    IJHMI! 
SOLVENTS. 


A  recent  publication  by  F.  Wirthle'  relative  to  the  ex 
ai  morphine  from  its  solution  by  means  of  a  chloroform 
mixture  leads  me  to  publish  some  similar  determinatioa 
experiments  were  made  with  a  view  of  ascertaining  \ 
instead  of  liberating  the  alkaloid  by  addition  of  fixed  alka 
might  be  substituted  ammonium  hydroxide.  This  work 
completed  on  account  of'Simitar  determinations  published  1 
penberger".  While  I  did  not  find  the  substitution  of  amm( 
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rantageous  yet  my  results  were  more  favorable  than  ! 
Virthle  and  hence  may  be  of  some  interest. 

The  morphine  alkaloid  used  was  purified  by  crysta! 
rom  hot  absolute  alcohol.  Its  purity,  determined  by  1 
rith  decinormal  sulphuric  acid  and  cochineal  as  indicat 
ound  to  correspond  to  99.50  per  cent,  monohydrated  tn 
C[,H„NO,.H,0),  Of  this,  2.5093  grams,  correspon 
f.4968  grams  pure  morphine,  were  dissolved  in  10  cc.  vol 
lormal  hydrochloric  acid  and  sufficient  water  added  t< 
rsocc. 

To  extract  and  estimate  the  morphine  in  this  solution 
epresenting  0,0998  gram  morphine  alkaloid,  were  in  ea 
aeasured  into  a  separatory  funnel,  rendered  alkaline  a 
tated  and  then  shaken  with  successive  portions  of  a  : 
omposed  of  So  volumes  of  chloroform  and  zo  volumes  of 
Three  extractions  of  10  cc.  each  were  received  in  a  shallov 
A).  A  further  extraction  of  10  cc.  was  received  in  a 
leaker  (B),  and  still  another  10  cc.  received  ina  third  beal 
These  liquids  were  allowed  to  evaporate  spontaneously,'  1 
lue  kept  over  sulphuric  acid  for  several  hours,  weighi 
hen  titrated  with  volumetric  decinormal  sulphuric  adc 
ochineal  as  indicator. 

These  results  show  that  while  ammonium  hydroxide  o 
vith  morphine  to  form  a  salt  that  is  not  readily  taken  1 
he  alcohol  chloroform,  it  does  so  to  a  much  smaller  exte 
odium  hydroxide.  If  as  in  a  but  a  slight  excess  of  ami 
dded,  approximately  98  per  cent,  of  the  alkaloid  is  remc 
he  first  three  extractions.  Even  if  ten  times  the  amou: 
n  a  is  added  as  in  series  c  three  extractions  still  remove  m^ 
lo  per  cent, ,  and  practically  all  the  alkaloid  is  obtained  w 
tortions  of  the  solvent  are  used.  If  a  few  drops  of  theo 
adicator  be  added  to  the  morphine  solution  and  ammoni: 
o  alkalinity  the  quantity  used  in  a  need  not  be  exceed 
night  be  expected  the  addition  of  sodium  bicarbonate, 
omes  the  effect  of  an  excess  of  ammonium  hydroxide 
Cippenberger  found  this  to  be  the  case  for  fixed  alkali 

'  If  the  evaporalion  ii  butendt  by  applicalion  of  beat  Iben  ■  Tamiab-likc 
titaincd  from  whicblbc  laittncoorBlcabol  btc  expelled  00I7  witli  mDCh 
he  residue  left  when  Ibe  liquid  has  cvspoimled  ipoDlaneaiuljr  is  ciycUlline 
oweiKbl  when  dried  ■I«o°C.;  i'.  (.,  morptaiue  coulaltilUB  one  molecule  of  m 
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Jt  to  decrease  the  dissocktion  of  the  morphinate  by 
aiutn  chloride  in  e  and  tbas  permit  its  removal  from  the 
in  did  not  prove  successful.  The  ammonium  chloride 
aitly  acts  as  so  much  free  ammonia.  The  discrepancy  in 
een  the  weight  of  the  residue  and  the  morphine  indicated 
ation  is  due  to  ammonium  chloride  taken  up  by  the  solvent; 
oderate  degree  such  disagreement  is  seen  in  all  determina- 


)VED  ELECTRIC  FURNACE  FOR  LABORATORY  USE. 

Bi  Sakdei.  Adchhdtt  Tucker  amd  hirbbst  R.  Moodv. 

ICTRIC  furnaces  hitherto  described  have  been  found  by  the 
vriters  to  possess  certain  disadvantages  for  experimental 
es.  This  led  them  to  devise  the  form  of  furnace  herein 
>ed  which  it  is  thought  is  a  convenient  piece  of  apparatus 
d  and  will  be  found  to  be  well  adapted  to  a  variety  of  work 
laboratory. 

Moissan  type  of  furnace  is  now  well  known  to  every  one, 
is  troublesome  in  several  ways.  If  built  from  chalk  blocks 
rough,  it  takes  both  skill  and  time  to  cut  them  to  the  exact 
equired;  it  is  then  necessary  to  dry  the  blocks  very  thor- 
',  otherwise  they  will  crack  in  all  directions  and  render  the 
e  useless  immediately.  A  perfectly  dry  furnace  supported 
tallic  bands  will  generally  crack  to  some  extent,  and  it  is 
I  possible  to  put  the  furnace  in  use  a  second  time.  The 
Qf  furnace  described  by  one  of  us'  which  simply  con- 
[  a  graphite  crucible  forming  one  pole,  the  other  being  a 

rod  supported  vertically  with  an  arrangement  for  raising 
owering  it  at  will  is  useful  for  some  purposes,  but 
ls  too  much  exposure  to  the  air  for  many  operations,  and 
iterial  of  which  the  crucible  is  composed  is  likely  to  intro- 
indesirable  impurities  during  the  fusion.  The  operator  is 
kI  to  very  intense  radiant  heat  which  interferes  consider- 
dth  its  use  for  any  lengthened  pttriod.  The  present  form  of 
e  is  after  the  Moissan  type  and  is  composed  of  carbon  bricks 
fies  by  4  inches  by  i  inches,  luted  together  with  Dixon  stove 

The  sides  of  the  furnace  were  of  6-inch  brick,  thus  making 

ttrian  BUctriciatt,  ii,  tf&. 
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ng  space  of  about  6  by  4  by  2  incbes.  This  space 
course,  be  increased  or  diminished  at  will  according  to  the 
sed.  The  whole  was  then  clamped  and  held  firmly  together 
iToss  bars  provided  with  adjusting  screws  at  each  end, 
5  being  insulated  from  the  body  of  the  furnace  by  strips 
OS.  The  end  bricks  were  perforated  with  1,5-inch 
itaioing  a  collar  of  asbestos  or  a  small  cylinder  of  clay, 
which  the  electrodes  of  carbon  passed  (i  inch  by  12 
nto  the  furnace  chamber.  Connection  was  made  with 
;trodes  by  copper  sleeves  lined  with  copper  gauze  and 
I  with  set  screws  which  at  the  same  time  carried  copper 
:h  held  the  flexible  cables, 

Qdency  to  overheat  those  portions  of  these  electrodes 
E  the  furnace,  and  consequent  wasting  away,  and  also 
lency  to  melt  the  copper  connections,  was  over- 
either  one  of  two  expedients  ;  that  is,  by  the  use  of  the 
ket  or  by  heavily  copper- plating  the  carbons.     This 

□ot  furnish  quite  as  perfect  a  protection,  but  it  was 
t  less  troublesome  than  the  former,  and  was  consequently 
lost  used. 

instruction  of  this  furnace  gives  it  considerable  durabiU 
uch  so  is  this  the  case,  that  only  three  sets  of  brick  were 
lughout  the  year  in  which  almost  a  hundred  runs  were 
The  greatest  deterioration  comes  from  the  oxidation  of 

surface  of  the  carbon  bricks,  and  this  could  be  largely 
>y  a  suitable  covering  of  fire-bricks.  Frequently  ten  or 
ins  could  be  made  without  dismantling  the  principal  parts 
lubstitution  of  new  asbestos  collars  serve  to  make  every- 
dy  for  the  next  run. 

s  type  of  furnace  the  desired  current  may  be  readily 
ed  throughout  the  entire  fusion,  and  this  is  not  easily 
1  a  crucible  furnace  where  variations  are  unknowingly 
si  by  the  constantly  changing  distance  between  the 
i'his  form  of  furnace  may  be  used  with  double  arc  on  1 10 
uit  with  considerable  economy.  For  examj^le,  with  a 
:  furnace  and  with  a  polar  separation  of  18  mm.  and 
esistance  in  circuit,  the  foltowiug  reading  was  obtained : 
ires,  70  volts,  and  consequently  8,750  watts, 
should  be  compared  with  the  following  results  obtained 
ing  the  double  arc  furnace.     Here  all  the  resistance  was 
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mit  out  and  then  the  instruments  showed  175  amperes, 
irolts.  A  few  moments  after  this  the  reading  was  125  a 
uid  100  volts  or  12,500  watts. 

The  only  difficulty  in  using  this  type  is  to  prevent  the 
tion  of  the  arcs,  but  that  trouble  is  far  from  insurmo 
The  dimensions  given  for  the  furnace  are  suitable  for  cur 
to  300  amperes,  at  70  volts.  For  work  requiring  mon 
than  this  it  is  necessary  to  increase  the  size  throughout 
electrodes  of  2-inch  diameter. 

If  the  luting  has  been  carefully  done  the  furnace 
sufficiently  gas-tight  to  permit  a  fusion  to  be  carried  0 
atmosphere  of  any  desired  gas,  the  gas  being  introduced 
in  annular  electrode.  Thisfumaceis  adapted  to  almost : 
3f  fusion  procei^ses,  and  has  been  used  in  the  greatest  vi 
(vork. 

[Contribution  from  the  Laboratory  of  Analytical  and 

Chhhistrv,  University  op  Michigan,] 
THE  OXIDATION  OP  NITROGEN  AS  A  SOURCE  OF 
IN  THE  ESTIMATION  OF  HYDROGEN  AND  HETH 

BT  ALFRED  H.  WHITE. 

THE  author  had  occasion  some  time  ago  to  estima 
rately  a  small  amount  of  methane  mixed  with 
amount  of  hydrogen.  A  sample  mixed  with  air  was  ex[ 
1  Hempel  pipette  with  due  precautions  to  insure  accui 
measurements  being  made  in  the  author's  burette  fore 
inalysis  previously  described  in  this  Journal.'  Thou^ 
:are  was  taken  in  the  work,  the  results  were  so  discrep 
be  entirely  useless  for  the  purpo.se.  The  results  of  a  seri< 
ixperimeots  follow,  arranged  in  the  order  of  explosive  r 
Table  I.— Explosion  of  Hydrogen  and  a  Small  AmodmtofS 

After  explosion. 

Gasmtaple.            Air.           Contimction.        C0|.  Hydrogeo.  Methane. 

5  87.64  0.39 

(  88.51  0.39 

S         88.  J7  0-A5 

i       87 .9»       0.62 

S  87.61  0.87 

The  increasing  amounts  of  carbon  dioxide  can  not  t 
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16.97 

13-79 

86.85 

18.19 

1317 

84.18 

17.56 

14.77 

87."3 

19.66 

1».3» 

87.03 

14.48 
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diffasion  through  the  potassium  hydroxide  used,  for  the  pipette 
carried  enough  mercury  in  the  bottom  to  form  a  trap,  nor  to  solu- 
tion of  gas  by  the  potassium  hydroxide,  for  the  pipette  had  .been 
carefully  saturated  by  a  blank  experiment,  nor  to  leak  in  connec- 
tions because  in  each  case  after  removing  the  carbon  dioxide  by 
potassium  hydroxide,  and  reading  the  volume,  the  gas  was  passed 
back  into  the  same  potassium  hydroxide  pipette,  allowed  to  stand 
and  again  drawn  back  into  the  burette  and  the  volume  read.  In 
only  one  case,  the  third  given,  did  the  variation  in  volume  after 
such  second  treatment  with  potassium  hydroxide  amount  to  as 
much  as  0.02  cc.  In  two  other  cases,  the  variation  was  o.oi  cc. 
and  in  the  other  two  there  was  no  change  in  volume.  Leaving 
oat  of  account  the  first  of  the  series  where  it  is  probable  the  great 
dilution  caused  incomplete  combustion,  the  other  four  results 
show  increasing  methane  and  decreasing  hydrogen  as  the  explo- 
sive ratio  (ratio  of  the  inert  to  the  exploding  gas)  grows  smaller. 
The  decrease  in  the  percentage  of  hydrogen  results  from  the 
method  of  calculation,  all  the  contraction  over  potassium  hydrox- 
ide being  considered  as  carbon  dioxide,  and  calculated  to  methane. 
The  increase  in  the  apparent  carbon  dioxide  points  strongly  to 
the  formation  of  oxides  of  nitrogen.  That  these  are  formed  and 
may  cause  error  in  explosion  analyses  was  shown  long  ago  by 
Bnnsen,  who  experimentally  determined  certain  limits  within 
which  there  was  no  appreciable  error.  The  explosive  ratio  for 
pure  hydrogen,  according  to  Bunsen,  might  safely  vary  from  3.81 
to  1.55.  He  did  not  determine  whether  any  gases  absorbable  in 
potassium  hydroxide  were  formed  in  the  explosion.  The  results 
above  cited  have,  with  one  exception,  higher  explosive  ratios 
than  his  highest,  and  yet  there  is  apparently  considerable  forma- 
tion of  an  oxide  of  nitrogen  which  is  absorbed  by  potassium  hy- 
droxide. 

Bunsen*  s  results  have  been  seemingly  everywhere  accepted 
without  question.  Hempel,  in  the  1900  edition  of  his  '*Gaso- 
metrische  Methoden,*'  quotes  Bunsen's  results*  with  the  comment 
that  **  by  keeping  to  the  Bunsen  norm  the  worst  that  may  happen 
is  that  the  mixture  is  not  explosive.  The  combustion  of  nitro- 
gen will  certainly  be  avoided." 

The  marked  disagreement  of  the  results  given  by  Bunsen  and 
those  of  Table  I  made  it  desirable  to  make  a  series  of  experiments 

^Hempel:  **  Gasometricche  Methoden,"  ate  Auflage,  p.  1x3. 
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pure  hydrogen.  The  hydrogen  was  generated  by  thi 
potassium  hydroxide  on  aluminum  in  order  to  obtain 
)m  the  small  amounts  of  hydrocarbons  usually  present 
tained  by  the  action  of  an  acid  on  a  metal.  The  res 
reo  in  Table  II. 

Table  II.— Bxpi.osiom  of  Pure  Hydrogen. 


Contnc 

reolci 

■mpl« 

.fKreiplo- 

Eitplo- 

Bxplo«iT« 

cc 

»!on. 

Perctnt. 

hydroxld* 

^ventia 

ntio. 

11-33 

84.80 

16.9a 

99.36 

4.64 

3.8. 

[3. 1 1 

85.57 

18.08 

99-53 

o.oo 

4.37 

3.90 

14.19 

84.  a? 

ai.a7 

99.91 

0.00 

3.63 

3.39 

r6.77 

85.77 

n-n 

99-90 

0.0 1 

3.06 

1.95 

■6.54 

8a.64 

34-76 

99.80 

O.OI 

3.00 

1-35 

18.19 

83.13 

37.39 

joo.oi 

0.01 

3.71 

1.35 

II.  10 

83.38 

3«-74 

100.38 

aoo 

3.a9 

1.04 

17.04 

83.86 

40.80 

100.59 

0.1 1 

'■73 

0.37 

Bunsen's  results  recalculated  to  permit  direct  compar 
pended.  Buusen  held  that  the  explosive  ratio  might  va 
3i  to  1.55  without  causing  appreciable  error,  though  the 
tio  gives  erroneous  results  according  to  his  own  figures. 
These  figures  for  the  explosion  of  pure  hydrogen  in  T 

<  not  show  as  great  variations  with  change  of  explosive 

<  the  results  in  Table  I  of  explosion  of  a  gas  carrying 
lount  of  methane  mixed  with  a  large  amount  of  hy 
>  determine  if  the  methane  caused  the  difference,  a  serie 
}sioiis  of  methane  and  air  were  made.  The  methane  w: 
>m  methyl  iodide  and  the  zinc  copper  couple,  and  both 

:  were  freed  from  carbon  dioxide  before  use.  Table  I 
e  results  of  this  series. 


lelhnne.    Air.      t 

r.05         93.07 
i.93        104.17 

ho?       98-35 

>.ao         98.1a  19.37  9.63        94.41  0.q6  3.61 

In  these  experiments  the  explosive  ratios  all  lie  within  B 
aits  for  methane  of  4-2.7  ;  still  there  is  a  variation  of 
nt.  in  the  apparent  percentage  of  methane  as  calcuk 
e  usual  methods  and  a  corresponding  variation  in  the  . 


Table  III.— ExptosioN  op  Mbthane. 

onlrscUoo 

fl««pl<j- 

■loo. 

dioxide    U«thaiie.    Hydrogen.    Eipleaive 

"3-09 
16.66 

6.53        93.61             0.38              4.05 
8.31       93.38           0.14            3-53 

17.10 

8.54       94-15           0.14            3-"9 
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of  hydrogen.  The  precautions  mentioned  before  were  taken  to 
prevent  error  from  diffusion  or  solution  in  the  potassium 
hydroxide  pipette.  In  all  these  experiments  the  gases  had  been 
diluted  with  air  and  the  preponderating  inert  gas  was  nitrogen. 
Several  experiments  were  made  with  mixtures  of  hydrogen  and 
methane  to  determine  whether  any  more  trustworthy  results 
might  be  obtained,  using  oxygen  alone  in  excess.  The  oxygen 
gas  used  was  96.5  per  cent.  pure.  The  results  showed  that  the 
errors  when  using  oxygen  thus  were  rather  greater  than  when 
mug  air  in  similar  amount.  In  several  cases,  both  when  using 
oxygen  and  air,  Griess'  reagent  for  nitrites  (naphthylamine 
hydrochloride  and  sulphanilic  acid)  was  introduced  into  the 
pipette  before  explosion,  with  the  result  that  a  deep  red  color 
vas  always  formed  after  explosion,  proving  the  formation  of 
nitrous  add. 

The  explanation  of  the  discrepancies  between  the  author's  work 
aod  Bunsen's  is  probably  to  be  sought  for  in  the  different  forms 
of  apparatus  employed.  Bunsen  used  a  narrow  eudiometer  in 
which  the  propagation  of  the  explosion  and  liberation  of  heat 
ipotild  be  slower  and  the  absorption  of  heat  by  the  glass  walls 
more  rapid  than  in  the  nearly  spherical  Hempel  pipette  ;  hence 
the  temperature  of  combustion  would  be  less  in  Bunsen' s  work 
and  there  would  be  a  smaller  amount  of  oxides  of  nitrogen  formed. 
In  Bunsen's  eudiometer  also  explosion  took  place  under  dimin- 
ished pressure,  while  in  the  Hempel  apparatus  a  considerable 
plus  pressure  was  generated  in  the  explosion.  It  follows  that  when 
working  with  the  Hempel  apparatus  a  greater  amount  of  inert 
gas  than  Bunsen  found  necessary  should  be  present.  Apparently 
the  most  nearly  correct  results  are  obtained  in  the  case  of  hydro- 
gen when  the  ratio  of  the  non-explosive  to  the  explosive  gases 
follows  Bunsen's  higher  figure;  t.  e.y  when  the  explosive  ratio 
varies  from  4  to  3.  In  no  case  will  absolutely  correct  results  be 
obtained,  as  probably  in  all  cases  of  explosion  under  these  con- 
ditions nitrogen  is  oxidized  to  some  extent.  In  the  case  of 
methane  the  higher  temperature  of  combustion  causes  greater 
errors  and  here  also  the  higher  explosive  ratio  given  by  Bunsen 
should  be  adhered  to. 

The  method  of  Dennis  and  Hopkins,*  in  which  the  gas  in  con- 
tact with  a  glowing  platinum  spiral  bums  quietly  in  a  current  of 

*  This  Journal,  ai,  398. 


*  ; 
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oxygen  and  air,  allows  the  use  of  a  larger  sample.  It  is  m 
indorsed  by  Hempel  in  the  following  words:'  "The  ad' 
gained  is  that  in  the  beginning,  where  the  combustion  mi 
come  too  intense,  there  is  always  an  excess  of  combnstiblf 
that  on  the  one  hand  no  explosion  can  take  place,  and 
other  none  of  the  nitrogen  can  bum,  as  the  combustio 
place  at  the  beginning  with  an  insufficient  amount  of  < 
and  towards  the  end  when  the  combustion  becomes  ct 
such  high  temperatures  as  are  necessary  for  the  combu 
nitrogen  are  not  reached  at  all." 

Some  preliminary  experiments  having  shown  that  it  ws 
means  so  certain  that  nitrogen  might  not  bum  under  thi 
ditions,  tests  were  made  on  air  with  Griess'  reagent  for  ni 
the  pipette,  when  it  was  found  that  a  test  for  nitrites 
developed  after  heating  the  wire.  Table  IV  shows  quanti 
the  effect  on  the  volume  of  air  when  the  spiral  is  heated 
ness.  The  air  was  freed  from  carbon  dioxide  and  the 
were  as  nearly  as  might  be  80  cc.  each.  While  it  was  not 
to  measure  accurately  the  temperature  of  the  wire,  a  con 
could  be  obtained  by  measuring  the  current  heating 
current  of  4  amperes  heated  the  wire  to  barely  visible 
in  the  daylight  and  5.35  amperes  heated  it  to  a  white  hea 
time  was  in  each  case  two  minutes. 

Table  IV.— Eppect  op  Heating  Flatinou  Spiral  in  Aj 


iple 

c„™. 

CoDtrmction 
aflf r  heatiBg. 

Contimction 

90 

4.0 

O.OI 

0.00 

SI 

4-55 

0.04 

0.01 

99 

4.6 

0.0J 

0.03 

21 

4.65 

0.04 

O.OI 

70 

4.8 

0.04 

0.10 

88 

50 

O.H 

0.10 

10 

5-' 

OA)8 

0.17 

49 

67 

S-3 

5-35 

0.06 

0.18 
0.18 

It  will  be  observed  that  the  sum  of  the  contraction  aftei 
and  after  potassium  hydroxide  given  in  the  last  column  i 
quite  regularly  with  increase  in  temperature,   but  that 
considerable  irregularity  in  the  ratios  between  the  cot 
after  heating  and  the  contraction  after  potassium  hydros 

1  "GBBomctruche  Methodea,"  3te  Aufl.,  p.  123-114. 
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t  the  more  or  less  complete  condensation  of  the  nitric 

I,  depending  upon  time,  contact,  and  the  amount  of 

nt,  is  sufficient  to  account  for  it. 

I  a  direct  comparison  between  the  explosion  and  com- 

thod,  hydrogen  generated  from  aluminum  and  caustic 

stored  in  a  gas-holder  containing  mercury  and  a  little 

tic  potash.     The  hydrogen  was  supposed  to  be  pure 

ly  contained  a  little  air.     The  oxygen  used  was  about 

.  pure, 

— COHPARisoK  OF  EXPI.OSION  AND  Combustion  Methods 

ON  HVDROGKN. 

Explosions  with  Air. 


8a.39  26.93  006  98.91  a.73 

Explosions  with  Oxygen. 

93.51  21.04  0-O3  9914  391 

82.18  24.51  O.M  99.IS  3.02 

S0.09  30.60  0.03  99. »  2.29 

Combustions  by  Ike  Dennis  and  Hopkins  Method.  , 

Oryygn,  Air.  Oxygen  in  excevi. 

5>.6S        54-55         136-72  0.04  99.84  13.JJ 

53-39        50-  '4  87.43         o- 10  99-66  40-89 

40.77        50.21         133.57  007  99-7°  3-73 

ilts  of  the  explosions  with  oxygen  are  slightly  higher 
:  with  air,  show  very  httle  contraction  over  potassium 
and  remarkably  little  variation  with  change  in  explo- 
The  results  with  the  Dennis  and  Hopkins  method  are 
wr  cent,  higher  than  those  obtained  by  explosion  with 
rhe  variations  iu  the  individual  results  by  this  method 
be  accounted  for  by  the  intentional  variation  in  the 
I  of  nitrogen  and  oxygen  used,  and  the  unavoidable 
in  temperature  of  spiral  and  time  of  heating. 
ition  naturally  arises,  which  of  these  methods  is  more 
rhat  none  of  them  are  entirely  correct  is  certain,  for  if 
the  air  is  oxidized  to  an  appreciable  extent  by  a  plat- 
i  heated  to  dull  redness,  oxides  of  nitrogen  must  be 
ill  combustions.  This  has  been  shown  by  Ilosvay'  for 
Oil" 737  ('»»)- 
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flames,  even  when  the  temperature  of  combustion  was  m 
duced  by  dilution  of  the  gas  with  carbon  dioxide.  Tl 
author  also  found  a  slight  formation  of  nitrous  acid  in  the 
air  burning  in  an  atmosphere  of  illuminating  gas,  where 
cing  atmosphere  would  always  be  present. 

SUMHARV. 

Oxides  of  nitrogen  are  always  formed  in  explosion  ana 
amount  increasing  with  the  violence  of  the  explosion.  Tl 
tion  recommended  by  Bunsen,  when  exploding  in  eud 
tubes  under  reduced  pressure,  is  not  sufficient  when  workii 
the  Hempel  explosion  pipette.  If  the  explosive  ratio  is  li 
tween  four  and  three,  the  error  is  negligible  in  the  te 
analysis  of  gases  almost  entirely  hydrogen.  The  presence  ( 
amounts  of  methane  increases  the  error  and  if  large  amo 
methane  are  present,  the  error  may  easily  amount  to  a  pi 
or  more.  The  explosive  ratio  should  be  kept  between  fo 
three  as  in  the  case  of  hydrogen.  The  method  of  Den 
Hopkins  tends  to  give  high  results,  and  the  errors  may  ea 
come  of  importance  if  care  is  not  taken  to  avoid  heating  tb 
too  hot  and  too  long.  Neither  the  explosion  method  i: 
method  involving  active  combustion  can  give  strictly  accu 
•suits. 


[CONTRIBUnOMS   FROM  THE    CHEMICAL    LABORATORY    OP  BkvN 
COIAEOE.] 

NOTE  ON  SOME  nODIFIED  FORHS  OF  PHVSICO-CHE 
MEASURING  APPARATUS. 

BV  AllertON  8.  CUSBMAH. 

a.    ACOKVENIBNTARRANGEMENTOFTHE  E0HL8AUSCH-0S 
CONDUCTIVITY  CELL. 

IN  working  with  the  usual  form  of  Kohlrausch-Ostwa 
ductivity  cell  the  writer  has  experienced  some  diffic 
arranging  the  electrodes  so  that  they  may  be  easily  adjuste< 
required  distance  one  from  the  other,  while  on  the  othei 
when  once  set  to  a  position  the  constant  for  the  cell  may 
pended  upon.  The  growth  of  physico-chemical  methods  of 
gation  lias  been  so  sudden  that  the  manufacturers  of 
ments  of  precision  have  not  kept  pace  with  the  requirem 
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1  research.  The  physical  chemist  therefore  has  been 
to  depend  lai^ly  on  "home-made,"  and  too  often  very 
xt,  apparatus.  It  is  not  uncommon  in  many  laboratories 
tiis  important  and  delicate  measuring  instrument  arranged 
a  way  that  the  electrodes  are  most  insecurely  fastened 
ice  by  means  of  splashes  of  sealing-TCax,  or,  as  is  the  case 
e  cells  ordinarily  supplied  by  the  dealers,  the  mere  friction 
;las5  supports  of  the  electrodes  against  the  holes  in  the 
cover  through  which  they  pass,  is  depended  upon 
re  the  constancy  of  the  cell. 


'ig.  I  of  the  accompanying  illustration  is  shown  an  arrange- 
>f  the  cell  which  very  admirably  meets  every  requirement, 
lass  tubes  into  which  the  electrodes  are  fused,  fit  snugly, 
ithout  binding,  the  holes  in  the  heavy  ebonite  cover,  which 
ross-section  in  the  cut.     The  brass  set-screws  as  shown  are 
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lished  with  ebonite  tips,  which  bear  gently  on  the  gUsa 
s  and  remove  the  danger  of  contamination  of  the  elect 
iny  accidental  wetting  of  the  screw  points.  A  cell  oi 
Tiption  which  has  been  in  frequent  use  for  more  than  a 
not  changed  its  constant.  The  electrodes  are  ma 
inum,  of  nearly  a  millimeter  in  thickness  and  are  secui 
gloss  supports  with  such  care  that  they  are  quite  immo 

N  A  MODIFIED  FORM  OF  THE  OSTWALD  BURETTE-CALIBR 
he  usual  Ostwald  burette-calibrator  has  the  general 
mi  in  Pig.  2,  without  the  etched  scale  upon  the  pipette 
i  calibrated  to  deliver  exactly  2  cc.  between  two  etched 

the  deviations  of  the  burette  scale  from  the  truth  are 
id  by  a  series  of  deliveries  from  the  pipette.  The 
dardiration  of  the  pipette  requires  a  number  of  carefi 
cult  weighings  of  water.      In  order  to  ayoid  this  stands 

the  writer  has  used  a  pipette  with  a  scale  etched  upi 

I  as  shown  in  the  cut.  It  is  only  necessary  to  take  can 
n  the  pipette  is  filled  to  the  etched  mark  at  A  that  abou 
e  will  put  the  meniscus  somewhere  near  the  middle  < 
:tte  scale.  Starting  with  the  burette  filled  to  the  zero  rt 
the  lower  meniscus  coinciding  with  the  mark  at  A,  thi 
.  of  the  burette  scale  are  delivered  into  the  pipette  ac 
tte-scale  reading  noted.  The  pipette  is  then  emptied 
the  next  2  cc.  of  the  burette  delivered.  This  operat 
;ated  down  the  length  of  the  burette.  One  set  of  re 
be  made  starting  from  the  zero  point  of  the  burett 
:her  set  starting  from  the  i  cc.  graduation  mark.  In  01 
y  the  corrections  it  is  only  necessary  to  standardi: 
tte  scale  against  the  burette  scale  by  a  few  fractional  1 
le  pipette.  In  applying  the  corrections  any  of  the  on 
hods  of  calibration  may  be  employed,  such   as  assumii 

2  cc.  of  the  burette  correct,  and,  then  distributic 
ations  from  the  truth.   For  most  laboratory  work  excee 

II  deviations  are  negligible,'  but  the  fact  that  a  serious 
from  the  truth  may  introduce  a  constant  error  into  a 

>bservations,  makes  a  rapid  and  easy  method  of  bee 
tainted  with  the  variations  of  burette  scales  of  great 
i  instrument  permits  this  to  be  done  with  but  little  ex 
of  time  and  without  the  necessity  of  making  a  single  1 
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Bad  burettes  can  be  immediately  condemned  and  those  of 
ient  accuracy  for  the  work  in  hand  selected.  In  case  abso- 
orrections  are  demanded  the  pipette  can  be  standardized  by 
lethod  of  weighing  much  more  easily  than  one  that  is  not 
ied  with  an  etched  scale  on  the  pipette  stem.  Of  course  the 
:emu5t  be  made  scrupulously  clean  with  a  chromic-sulphuric 
nixture  before  it  is  used. 


APID  METHOD  FOR  THE  DETERHINATION  OF  AR- 
SENIOUS  OXIDE  IN  PARI5  GREEN. 


iE  authors  have  been  working  for  some  time  on  a  method 
for  determining  the  arsenic  in  Paris  green,  in  the  hope  that 
light  be  found  that  would  be  both  more  rapid  and  accurate 
any  thus  far  proposed.  As  a  result  we  offer  the  following 
3d,  which  we  believe  to  be  new  and  which  has  given  most 
lent  results  on  a  considerable  number  of  samples  of  Paris 
I  examined  in  this  laboratory. 

r  the  determination,  sample  the  Paris  green  by  quartering 
ae  would  an  ore  for  assaying)  down  to  about  i  gram.  Ful- 
£  this  small  sample  in  an  agate  mortar  and  weigh  out  0.2  to 
ram  into  a  beaker  of  about  300  cc.  capacity.  Add  about  25 
:  water  and  to  the  green  suspended  in  water  add,  with  con- 
stirring,  concentrated  hydrochloric  acid  till  solution  is  just 
ed  ;  from  6  to  10  drops  are  usually  sufScieot.  Now  add  to 
cid  solution  sodium  carbonate  solution  till  a  slight  permanent 
pitate  is  formed,  and  at  this  point  add  2  to  3  grams  of  sodium 
slum  tartrate  in  solution.  The  tartrate  will  at  once  dissolve 
redpitated  copper  and  prevent  further  precipitation  during 
[ibsequent  titration.  Dilute  to  about  200  cc.,  add  solid  so- 
bicarbonate  and  starch  solution,  and  titrate  with  iodine  in 
sual  way. 

e  time  required  for  the  determination  is  about  ten  minutes, 
end  reaction  is  sharp  and  is  not  in  the  least  obscured  by  the 
color  of  the  copper  solution. 

iphcate  determinations  on  the  same  sample  of  a  very  uniform 
i  green  were  as  follows,  taking  0.3  gram  Paris  green  for 
'sis. 
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Iodine  »tution.  Aii,0,.  AigO,. 

34.53  0.17056  5685 

34.59  0.1 7091  56.97 

34.58  0.17086  56.95 

To  make  sure  that  the  presence  of  copper  exerted  no  infli 
several  lots  of  pure  arsenious  oxide  were  weighed  out.  So 
these  were  titrated  as  usual  aud  the  others  were  first  mixet 
about  an  equal  weight  of  copper  sulphate  iu  solution  and 
with  the  tartrate  according  to  the  method  given.  No  appre 
difference  could  be  observed  in  the  several  titrations. 

Several  other  analysts,  as  well  as  ourselves,  have  fouD( 
the  results,  in  terms  of  metallic  arsenic,  obtained  by  this  n 
are  slightly  higher  than  the  results  by  other  methods,  even 
the  latter  admit  of  the  determination  of  arsenic  in  either  st 
oxidation.  This  fact  would  seem  to  indicate  that  the  Paris  | 
on  the  market  contain  arsenic  in  the  lower  stage  of  oxi' 
only. 

Cuprous  oxide  interferes  with  the  titration,  but  we  ha 
observed  the  presence  of  copper,  in  this  degree  of  oxidatii 
any  of  the  samples  examined.  It  is,  of  course,  possibl 
adulterants  might  be  added  that  would  affect  iodine  or  iodine 
but  such  samples  have  not  as  yet  been  met  with,  to  our  I 
edge. 

■  In  conclusion  we  would  express  our  obligations  to  Dr.  1 
Wiley  for  his  kindness  in  having  the  literature  of  the  s 
thoroughly  searched  for  our  guidance. 

CHHMICAL  LARORATORT.  UH1VBII91TV  OP  tDAHO. 


NOTE  ON  THE  ANALYSIS  OF  NUCLEIC  ACIDS  OBTA 
FROM  DIFFERENT  SOURCES. 

BV  P.  A.  I,8VEM8. 

THE  author  has  repeated  the  results  of  the  analysis  of  s 
nucleic  and  paranucleic  acids  obtained  by  a  methoc 
municated  by  him  at  a  previous  meeting  of  the  Society. 

The  paranucleic  acids  analyzed  were  those  of  vitellin  1 
the  ichtulin  of  the  cod-fish  egg.  Their  composition  was  ( 
lows : 
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vitellinlc  add.  Ichtullolc  add. 

wn 3»-3i  32-56 

rogeu  5.58  6.00 

agen 13,13  14.00 

iplionu ■      9.88  lo.M 

hese  "paranudeic  "  acids  of  different  origin  have  acom- 
j  similar  compositioD.  The  difference  in  the  nitrogen  is 
Itlained  by  the  fact  that  the  ichtulinic  acid  was  obtaiaed 
ammonium  salt,  and  the  vitellinic  from  the  copper  salt, 
ter  acid  is  obtained  from  the  ammonium  salt  it  also  con- 
ut  14  per  cent,  of  nitrogen. 

icleic  acids  analyzed  were  those  of  the  pancreas  of  the 
ind  fish  sperm,  and  of  the  Bacillus  tuberculosis.  . 
imposition  was  as  follows  : 

Badlliu 
Fucrou.  Cod-Gih  ■perm.         tuberculnis. 

■on 36-50  36-73  38-78 

rogen 4.69  5.IJ  6.31 

agen 16.70  16.78  9.43 

>phoms  pentoxide  ,.  aa.i6  io-47  ^9<4<^ 

id  obtained  from  the  pancreas  in  distinction  from  the 
icid  described  by  Bang  contains  in  its  molecule  besides 
Iso  adenin.  This  acid  as  well  as  that  of  the  cod-fish 
es  not  differ  much  in  its  composition  from  the  acids  de- 
-ithin  the  last  year  by  Schmideberg,  Herlant,  Osborne, 
ned  from  different  sources. 

uthor  also  remarked  that  on  precipitating  the  nucleic 
ctly  from  tissues  glycogen  is  precipitated  simultaneously, 
can  be  separated  by  means  of  copper  chloride.  The  nu- 
forms  a  copper  salt  insoluble  in  water,  while  the  copper 
d  of  glycogen  is  soluble.  By  this  method  the  author 
1  in  obtaining  glycogen  from  the  pancreas,  and  a  glyco- 
iubstance  from  the  Bacillus  tuberculosis. 

;  ELIMINATION  AND  QUANTITATIVE  ESTIMATION 
[>F  WATER  IN  OILS.  FATS,  AND  WAXES. 


difficulty  experienced  while  drying  oils,  fats,  or  waxes, 
lamely,  loss  by  foaming  and  ejection,  due  to  the  con- 
ater  becoming  overheated,  as  in  the  drying  of  the  min- 
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eral  oil  residue  obtained  after  removal  of  the  fatty  oil  by  •. 
fication,  in  the  analysis  of  lubricants)  can  be  very  ' 
obviated  by  the  following  method  : 

Into  a  wide-mouthed  glass-stoppered  weighing-bottle  (: 
ure),  is  introduced  sufficient  thick  £ltei 
(in  coil  form)  to  half  fill  the  vessel.  The 
and  paper  are  now  dried  in  the  air-oven  at 
to  constant  weight. 

A  portion  of  the  sample  is  then  added, 

quantity  as  will  just  saturate  the   filter 

The  bottle  being  now  closed  and  reweigfc 

increase  in  weight  gives  the  quantity  of 

taken.     The  whole  is  now  placed  in  the  a 

at  no"  C'and  dried  to  constant  weight.      The  decrea 

obtained,  gives  the  water  evaporated,  which  may  be  calcii 

percentage  from  the  data  obtained  above.     Samples  pronf 

idation  are  dried  in  an  atmosphere  of  CO,  or  H,, 

In  treating  oils  containing  water,  or  where  the  wholt 
residue  is  to  be  dried  and  the  oil  only  determined,  or  th 
simply  eliminated,  the  sample  is  completely  transferretJ 
tared  bottle  containing  the  dry  filter-paper  by  means  o 
the  ether  removed  by  evaporation  at  slightly  elevated  ti 
ture,  after  which  it  is  dried  in  the  air-oven  as  above  de 
Solid  fats  and  waxes  are  introduced  into  the  weighing  bo' 
pared  as  above,  in  their  natural  state,  which,  upon  being 
to  the  temperature  of  the  oven,  are  quickly  absorbed  by  tl 
paper,  and  drying  proceeded  with  as  in  the  case  of  liquids 
By  the  above  method,  all  foaming  and  ejection  of  the  s; 
eliminated,  due  to  the  fact  that  the  oil,  fat,  or  wax,  and  tl 
are  thoroughly  distributed  throughout  the  paper  while  1 
ing  operation  is  carried  on. 

A  typical  example  of  the  value  of  the  above  method 
readily  seen,  and  appreciated  by  referring  to  T.  B.  St 
"EngineeringChemistry,"  p.  368,  in  which  he  condemns  thi 
of  oils  containing  water  on  account  of  this  loss  by  foam 
ejection. 

■  Aibeitos  li  not  recommended  on  account  ot  lU  pnipertr  of  retalnins  m 
IIO'C.    (Ihiajournml.  aa,  4fi). 

'  Or  at  tempetalure  other  than  tid°  C,  iti  an;  cue,  the  tmttle,  plu  pipe 
dried  In  the  beginning  at  the  lame  temperature. 

■  IFoll.  fat.  or  mx  be  required  for  further  examination,  it  ma;  be  remove 
paper  by  ether  extraction  In  a  Soxblet  apparatu*. 


N  THE  DEC0nP05ITI0N  OP  SODIUM  NITRATE  BY 
SULPHURIC  ACID,  II. 

By  C  W.  Volkkv. 
RecUnd  H>y  u.  i>d>. 

N  a  former  occasion'  I  presented  to  this  Society  a  report  on 
my  work  under  the  same  title.  The  previous  work  had 
ence  mainly  to  the  conditions  under  which  nitric  acid  dis- 
from  a  mixture  of  sodium  nitrate  and  sulphuric  acid. 
ofessor  Lunge,  in  the  second  edition  of  his  handbook  "  Sul- 
ic  Acid  and  Alkali," '  quotes  from  the  above  cited  article  ; 
the  process  of  decomposition  in  the  said  work,  is  still 
sented  as  NaNO,  +  H,SO,  =  NaHSO.  +  HNO,.  I  now  re- 
results  of  further  investigation  of  this  process.  In  the  first 
of  the  report  already  referred  to,  I  have  called  attention  to 
itrength  of  the  nitric  acid,  which  distilled  at  certain  fixed 
eratures,  and  I  concluded,  from  the  boiling-points,  the  tem- 
ures  of  the  residues  in  the  retort,  and  the  quality  of 
icid  obtained,  that  during  the  second  period  all  nitric  add 
distilled  off,  and  that  only  a  disulphate  was  left  in  the  re- 

lave  since  gone  over  the  work  again,  and  considered  not 
the  distilled  add,  but  also  the  residues  in  the  retort,  which 
in  after  each  period  of  distillation.  For  this  reexamination 
d,  for  each  period  of  distillation,  a  fresh  quantity  of  nitrate 
sulphuric  acid,  interrupting  each  process  after  the  distilla- 
if  add  had  entirely  ceased,  at  the  temperatures  given.  For  each 
500  grams  sodium  nitrate  and  550  grams  sulphuric  acid  were 
;  the  results  obtained  were  in  agreement  with  those  already 
ibed,  as  far  as  the  strength  of  nitric  add  is  concerned.  I 
at  several  times,  attempted  to  separate  the  liquid  from  the 
portions  of  the  salt  cake.  It  is  quite  easy  to  separate  the 
L  from  undecomposed  nitrate  by  pouring  the  hot  mass  off. 
must  be  done  when  the  mass  is  still  quite  hot,  as  on  cooling 
J  readily  crystallize. 

e  distillation  of  nitric  add  below  100°  was  carried  out  by 
ng  in  a  liter  retort,  500  grams  sodium  nitrate  and  550  grams 
luric  acid  at  a  temperature  of  130°  in  the  oil-bath,  and  keep- 
is  near  that  temperature  as  possible,  for  thirty-six  hours. 
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'urther  distillation  could  tten  be  perceived.  The  res 
retort  consisted  of  unchanged  nitrate  and  thick  oily 
as  poured  into  a  hot  porcelain  dish,  which  had  been  pi 
il-bath  of  ioo°,  and  from  the  hot  mass  a  sufficient  qua 
liquid  was  removed  into  another  porcelain  dish,  wl 
ing,  the  liquid  formed  a  crystalline  salt  in  minute  el( 
na.  The  crystalline  mass  thus  obtained,  was  left  in  a  ■ 
oo  mm.  at  the  ordinary  temperature,  for  forty-eighl 
'  sulphuric  acid,  and  as  it  had  lost  nothing  in  wei{ 
am  and  sulphuric  acid  were  determined,  and  gave  the 
results : 


6.91 


9-3 


:h  gives  on  the  average  for  this  salt  : 


hese  results  were  obtained  by  the  analysis  of  crysl 
ed  by  solidifying  the  oily  liquid  above  mentioned. 
er  difficult  to  exclude  the  moisture  of  the  air  during  tl 
nation,  and  as  thereby  the  crystals  are  destroyed,  I  hs 
ara^ed  the  solutii 
the  solid  residue 
retort,  and  thena 
any  possible  ex 
sulphuric  acid,  h 
tion  in  vacuum,  1 
the  atmospheric 
almost  totally  ei 
The  simple  ai 
is  illustrated  in 
company  ing  c  u 
I  may  state  her 
that  I  arrived  at 
scribed  constru< 
the  apparatus  a! 
L  ing  to  obtain  pu 
by  centrifugal  filtration  and  vacuum  filtration  in  a  Go 
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bat  I  prefer  at  present,  the  following  apparatus  :  the  glass 
1  contains  a  filter  of  platinum,  finely  perforated,  and  it  can 
n  that  only  the  air  in  the  bell-jar,  which  is  dried  over  sul- 
:  acid,  can  come  in  contact  with  the  substance  on  the  plat- 
Glter.  Under  a  vacuum  of  650  mm.  the  solution  of  salts  in 
uic  acid  is  quickly  removed  from  crystals  remaining  on  the 
iim,  and  any  absorption  of  moisture  is  excluded.  The 
!:e  of  three  determinations  gave 

Na 9,476 

SO, 89-094 

odium  was  determined  as  neutral  sodium  sulphate,  and  the 
iric  acid  as  barium  sulphate.  Comparing  these  with  the 
eition  of  sodium  trisulphate,  NaH,(SOJ„  we  have  the 
ing  : 

CalcDlalKl.  Pound. 

Na 10.550  9.362 

SO, 88.07  89. 147 

H, 1.38  1.491 

100.000  100.000 
igures  seem  to  be  sufficiently  dose  to  the  theoretical,  to 
'  the  conclusion,  that  during  the  first  period  of  the  action  of 
iric  acid  on  sodium  nitrate,  the  above  indicated  trisulphate 
med,  provided  that  the  temperature  of  the  contents  of  the 
does  not  go  above  100°.     At  this  period  then,  the  residue 

retort  consists  of  the  remaining  sodium  nitrate  and  sodium 
»hate.  The  process  that  ha.s  taken  place,  may  therefore,  be 
ised  by 

NaNO,  +  2H,S0,  =  NaH,(SO.),  +  HNO„ 

the  temperature  is  not  raised  above  100°,  no  further  action 
phuric  acid  on  sodium  nitrate  can  be  perceived. 
:  second  period  of  acid  distillation  ends  at  a  temperature  of 
For  the  investigation  of  this  period,  500  grams  sodium 
s  and  550  grams  sulphuric  acid  were  distilled  in  the  same 
;r  as  before,  but  the  temperature,  after  the  first  period  of 

100°,  was  raised  in  the  oil-bath  to  165"  and  kept  so,  until 
ice  of  acid,  distilling  at  i2i°-i22'',  had  disappeared  from 
sidue. 
s  was  again  poured  hot  into  the  heated  porcelain  dish,  parts 

liquid  cooled  to  crystallization,  crystals  dried  inadesiccator 
calcined  potash  at  about  100  mm.  pressure  and  finally  sodium 
ilphuric  acid  determined. 
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The  figures   obtained    in    these    determitiations   are 
irregular  ;  they  gave  as  an  average 

Na 18.730 

SO, 81.310 

and  compare  with  the  add  sulphate  of  sodium  thus : 

CalcuUUd.  Pound. 

N« 19.166  18,730 

SO, 80.000  81.310 

H 0.834  


It  is  probable,  that  at  the  end  of  this  phase  some  of  th 
phate,  NaH,(SO,),.  was  still  left  in  the  residue  ;  but  i 
reasonable  to  assume  the  existence  of  NaHSO,  in  the  si 
which  now  remains  in  the  retorts. 

The  conclusions,  which  may  safely  be  drawn  from  thi 
are  : 

During  the  first  period  of  action  of  sulphuric  acid  on 
nitrate,  polysulpbate  of  the  composition  NaH,(SO,),  is 
thus: 

NaNO,  +  2H,SO,  =  NaH,(SO,),  +  HNO,. 
The  nitric  acid,  thus  set  free,  is  the  true  first  hydrate  an 
tils  over  at  its  boiling-point  between  81°  and  88°, 

The  residue  in  the  retort  consists  of  trisulphate  and 
still  undecomposed.  On  raising  the  temperature,  the 
phase  of  the  process  begins ;  the  trisulphate  acts  at  thi 
temperature  on  the  remaining  nitrate 

NaH,(SO,),  +  NaNO,  =  (NaHSO,),  +  HNO„ 
and  if  this  is  carried  out  to  the  finish,  the  residue  in  tl 
will  consist  entirely  of  NaHSO, ;  and  the  acid  distilUnj 
also  be  HNO,. 

At  the  beginning  of  the  distillation,  free  sulphuric  acid 
on  a  part  only  of  the  nitrate  at  a  low  temperature,  at  wl 
first  hydrate  distils  undecomposed ;  during  the  second 
the  action  of  the  trisulphate  on  the  remaining  sodium  ni 
quires  a  higher  temperature,  at  which  nitric  acid  of  the  ( 
tion  HNO,  begins  to  decompose,  and  H,0  is  always  form 
HNO,,  The  acid  distilling  during  the  period  is,  thereto 
different  concentration  and  is  sometimes  called  the  second  1 
This  investigation  wiH  be  continued, 

NEW  YoEs,  December  »,  ijoo. 


>DIFIED  WILLIAMS  nBTHOD  FOR  MANQANESE. 

BT  RAIfI>OLFB    BOLIJHO. 
R=tl™l  ].l»  .1.  1901. 

E  Williams  method,  as  outlined  in  Blair's  "  Chemical  Anal- 
ysis of  Iron,"  although  a  very  accurate  one,  is  unsatisfac- 
Q  account  of  the  time  required  for  the  filtration  of  the  pre- 
id  manganese  dioxide,  which,  together  with  a  frequently 
ng  mass  of  gelatinous  silica,  chokes  up  the  asbestos  filter 
tkes  the  operation  more  or  less  tedious. 

following  modification  has  been  found  to  overcome  this 
ty  entirely,  and  its  adoption  has  reduced  the  time  of  a 
ination  very  materially,  by  eliminating  the  uncertainty 
int  upon  the  filtration  of  the  slimy  manganese  dioxide. 

MBTHOD. 
E  5  grams  of  pig-iron  drillings  in  a  No.  5  Griffin's  beaker, 
)ver  glass,  add  75  cc,  nitric  acid  (sp.  gr.    1.20),  and  after 

action  has  ceased  add  approximately  10  cc.  hydrofluoric 
Give  the  beaker  a  circular  motion  to  mix  contents,  and 
ate  down  until  ferric  oxide  begins  to  separate  out.  Cool, 
a  cc.  nitric  acid  (sp.  gr.  1.42),  and  heat  to  boiling.  Drop 
poonful  of  asbestos  fibers  and  then  add  approximately  7 
potassium  chlorate.  Boil  until  green  fumes  disappear  and 
add  begins  to  volatilize.  Remove  from  source  of  heat, 
pidly,  and  filter  the  manganese  dioxide  precipitated  on  the 
ded  asbestos  fibers,  on  a  special  filtering  tube.  Wash  twice 
Tong  nitric  add,  and  rinse  out  the  beaker  in  which  thepre- 
ion  was  made  with  cold  water,  pouring  the  rinsings  through 
ter-tube.  Continue  the  rinsing  and  washing  until,  when 
with  litmus,  no  acidity  is  shown.  Push  the  asbestos  pad 
edpitate  back  into  the  beaker,  wash  down  the  sides  of  the 
ube  to  remove  all  adherent  manganese  dioxide,  and  run  in 
add  ferrous  sulphate  solution.  Disintegrate  the  a.<;besto3 
with  a  stirring  rod,  and  after  the  precipitate  is  entirely  dis- 
,  titrate  with  permanganate.  The  filtering  tube  is  prepared 
ing  a  glass  tube  thin  enough  to  slide  loosely  down  the  stem 
Tbon  funnel,  heating  one  end  until  it  balls  and  then  press- 
t  flat.  By  softening  the  edge  of  the  flat  end  and  pressing 
against  the  circumference  at  regular  intervals  the  disk  can 
le  fluted.     Slip  this  rod  in  a  carbon  funnel,  pushing  down 
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the  disk  rests  solidly,  place  on  it  a  little  dry  asbesti 

pour  on  it  asbestos  suspended  in  water,  using  a  mi 
on  to  make  the  pad  fairly  compact. 

ACID   FBKRODS  SULPHATB. 
ssolve  20  grams  chemically  pure  ferrous  sulphate  in 
200  cc.  strong  sulphuric  acid,  and  dilute  to  2  liters. 

POTASSIUM  PBSMANGANATE  SOLUTION, 
le  strength  of  this  solution  should  be.such  that  1  cc. 
t  0.0056  gram  iron. 

STANDARDIZATION  AND  CALCULATION  OF  RESULTS. 
>  standardize  both  the  ferrous  sulphate  and  the  per 
at  the  same  time,  take  an  iron  in  which  the  mangat 

accurately  determined  and  treat  it  according  to  the 
a  until  the  precipitate  of  manganese  dioxide  is  ol 
slve  the  precipitatejn.^  u_£^i.^^rous  sulphate  solut 
te  with  perman^M^t^th«i  TOy^v^io  cc.  additiona 
lus  sulphate  mQmtutti.  ii|,'Blu,''Lo  4^jwu  the  amount 
Emanate  neces#y  j>|pjpj|Qemfl:c.  cf  the  ferrous  s 
ion.  By  deouctit^iHe  aumper  of  cuKc centimeters 
irst  titration  ^om  the  BlHh'befTise^B  the  second,  wi 
volume  of  somlio^te^y^^ii^he  manganese  ( 
ling  the  percentageul  lUUUy'^TI^e  in  the  sample  by  th 

obtained  and  multiplying  this  by  the  number  of  g 
original  sample,  we  obtain  the  value  of  i  cc.  perma 
:rms  of  manganese.  For  instance,  if  we  take  5  gra 
ron  containing  i .  1 3  per  cent,  manganese  and  use  4.6 
;anate  in  the  first  titration,  and  20.8  cc.  in  the  secot 

then  the  difference  of  16.3  cc.  is  the  measure  of  the 
;rrous  sulphate   oxidized  by  the  manganese  dioxide. 

i.i3bythis  16.2  and  multiplying  this  by  5  we  obi 
i  of  I  cc.  or  0.0034  gram  manganese.  The  object 
izing  in  this  way,  is  to  carry  out  the  process  under  coi 
ar  to  those  which  occur  in  a  regular  determination, 
ts  obtained  by  titrating  clear  ferrous  sulphate  are 
r  than  when  carbon  and  asbestos  are  in  the  solution, 
in  that  the  eye  of  the  observer  notices  the  rose  tint  : 
transparent  solution,  but  the  sharpness  of  the  end  rea 
tly  obscured  by  asbestos  and  carbon,  hence  the  operai 
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'.e  past  the  true  point.     So  that  if  both  titrations  are  made 

:  like  conditions  this  error  is  completely  eliminated. 

e  calculations  in  a  detennination  are  made  thus  :  If  5  grams 

e  sample'are  taken,  50  cc.  ferrous  sulphate  equals  so. 8  cc. 

ing;anate ;  i   cc.   permanganate  equals  0.0034  manganese; 

:.  are  required  to  oxidize  the  ferrous  sulphate  not  oxidized 

e  manganese  dioxide. 

(20.8  —  6.2)  X  0.0034  X  100 
en :^ =  per  cent,  manganese. 

e  time  saved  by  the  suspension  of  the  manganese  dioxide, 
he  elimination  of  silica  in  the  filtering  of  the  manganese 
le,  makes  it  possible  to  make  a  determination  in  about  one 
The  method  of  standardizing  solutions  is  not  based  on  the 
on  that  is  given  in  the  text-books  which  is 
lO,  +  2FeS0.  +  2H,S0.  =  MnSO,  +  Fe,(SO,),  +  2H,0, 
nras  found  that  solutions  standardized  on  the  above  reaction 
invariably  too  low  in  their  manganese  value.  This  may  be 
inted  for  in  the  composition  of  the  precipitate,  for  it  is 
3le  that  MnO,  Mn,0„  Mn,0,^  Mn,0,,  may  be  formed  in  part, 
ny  rate,  if  we  adopt  the  MnO,  theory  and  standardize  ac- 
Qglyi  the  method  will  not  give  the  same  result  on  a  sample 
has  the  manganese  determined  by  the  basic  acetate  separa- 
and  the  manganese  weighed  as  manganese  pyrophosphate 
ding  to  Gibbs.  On  this  account  it  is  preferable  to  use  a 
^rdized  sample  of  pig  iron . 

Low  are  gives  some  determinations  on  ores  and  on  some  very 
ully  standardized  pig  iron. 

suits  in  the  first  column  are  by  using  the  Gibbs  method, 
the  second  column  by  modified  Williams  method, 
the  third  by  old  Williams  method,  using  the  MnO,  theory. 

Percentage  of  taanganeK. 

Sample  No.  : ■ . 

r  I  1.38       1-39 

3  1.84  1.84  >'5I 


Pig  iron i    9 
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working  on  ores  carrying  larg*  amounts  of  silic 
ible  to  dissolve  the  sample  in  hydrochloric  acid  aai 
down  to  dryness,  then  moisten  with  hydrochloric  a< 
intil  the  mass  softens,  and  then  add  a  few  cubic  cent 
ong  nitric  acid  ;  evaporate  again  until  chlorine  is  dri 
hen  add  hot  water  and  filter  off  the  silica  and  evapo 
and  determine  manganese  as  usual. 
pish  to  acknowledge  my  thanks  to  Mr.  W.  Walley 
chemist,  for  his  suggestions  in  regard  to  arranging  t 
1  data  for  publication. 


0P4  TRIVALENT  CARBON. 

(third  paper).' 

Bt  H.  Gohiekq. 

.as  been  shown  in  the  papers  published  by  me  on  this 
tiat  by  the  action  of  metals  upon  triphenylchlormetb 
;en  can  be  removed  quantitatively  and  that  there  re! 
mely  unsaturated  hydrocarbon.  From  the  bebavioi 
ance  towards  halogens  and  towards  oxygen,  the  cot 
Irawn  that  it  is  an  unsaturated  radicle,  triphenylmetl 
ihown  that  the  same  body  results  whether  carbon  disi 
:ne,  ether,  or  acetic  ether  is  employed  as  a  solvent. 
1  that  in  the  case  of  the  first  two  mentioned  solvents 
ated  hydrocarbon  remains  in  solution,  while  with  c 
:  ester  as  a  solvent  the  hydrocarbon  separates  in  the 
transparent  crystals.  This  crystalline  body  posse 
roperties  of  the  unsaturated  hydrocarbon,  and  was  al 
with  the  substance  which  was  obtained  when  triphen 
ane  in  benzene  was  acted  upon  by  zinc  and  the  resul 
rbon  was  precipitated  from  its  concentrated  solution  b; 
ler  or  acetic  ester.  Facts  have  since  been  discoverei 
sitate  a  modification  of  this  view,  and  I  desire  to  put 
ts  even  in  their  present  incomplete  state. 

THE  ACTION  OF  ZINC  IN  ETHER  AS  A  SOLVENT, 
len  tripheoylchlormethane  is  dissolved  in  absolute  et 
p  of  zinc  is  introduced,  the  solution  at  once  turns  yell 

Tst paper:  Thii Journal.  »,  757  ;  Second  paper:  Am,  Cktm.  J,,  a§,  in 
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mass  begins  to  separate.     After  a  while  crystals 
7  form  which  adhere  to  the  zinc  and  to  the  sides  of  the  ves- 

the  reaction  be  carried  on  in  a  sealed  tube  it  will  be  no- 
at  in  a  few  days  the  black  mass  begins  to  diminish  in 
Y,  and  in  about  three  weeks  it  will  disappear  completely, 
ution  still  remains  yellow  but  the  crystals  are  colorless, 
possible  to  get  the  ether  and  the  reagents  so  absolutely 
m  moisture  but  that  at  least  a  few  bubbles  of  hydrogen 
Formed  during  the  reaction.'  The  viscous  mass  which  is 
at  the  beginning  of  the  reaction  is  not  zinc  chloride,  but  a 
;alt  of  itwithtriphenylchlormethane,'  Zinc  chloride,  I  find, 
le  in  ether,  while  the  double  salt  is  not.  The  thick  yellow 
bich  was  described  under  the  experiments  with  benzene  is 
ouble  salt  of  a  similar  or  of  identical  composition,  and  not  a 
nd  of  zinc  chloride  with  benzene,  as  has  been  previously 
d.  Such  a  double  salt  when  treated  with  water  would  give 
Is  chlorine  to  the  latter,  and  this  accounts  for  the  somewhat 
ing  results  which  were  obtained  in  the  estimation  of  chlorine 
isoluble  residue  from  benzene.'  On  allowing  the  ethereal 
I  to  stand  for  some  weeks  the  double  salt  is  completely 
up  by  the  metallic  zinc,  but  in  benzene  this  does  not  occur. 
s  no  separation  of  the  double  salt  when  acetic  ether  isem- 
as  a  solvent  for  the  simple  reason  that  the  salt  is  very  sol- 
this  solvent. 

same  double  salt  is  formed  with  the  greatest  readiness  when 
on  of  zinc  chloride  in  ether  or  in  acetic  ether  is  added  to 
ion  of  triphenylchlorm ethane  in  benzene  or  in  absolute 

All  attempts  to  bring  it  to  crystallization  have  failed,  but 
er  of  other  double  salts  of  triphenylhalogenmethanes,  and 
lly  of  tritolylch  lor  methane,  were  obtained  in  sufficient  pur- 
stablish  the  remarkable  tendency  of  these  halogen  bodies 
;  the  formation  of  double  compounds  with  metallic  salts, 
ices  of  the  following  composition  were  obtained,  and  they 
fully  described  in  a  later  paper  : 
),CC1.3HgCl„  (C.HJ,CBr.3HgBr„  (C.H,CH,),CCl.ZnCl, 

(C,H,CH,),CCl.HgCl„  (C,H,CH,),CCl.FeCl,. 
se  compounds  are  beautifully  crystalline,  and  are  charac- 

C*™./..»s,3». 
Joan..!,  ».  761. 
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terized  by  intense  coloration,  from  yellow  to  red.  Tht 
doubt  that  the  yellow  color  which  is  imparted  to  the 
when  zinc  or  any  metal  acts  upon  triphenylchlormethan 
in  a  large  measure,  but  not  entirely,  to  the  formation 
double  salts.  The  transparent  yellow  crystals  which  arf 
when  a  solution  of  triphenylchlonn ethane  in  ether  or  i 
ether  is  treated  with  zinc  are  not  triphenylmethyl  itse 
compound  of  that  with  each  of  the  two  solvents  respectii 

COMPOUND  OF  THE  UNSATURATED  HYDROCARBON  WITH 
Samples  of  the  above-mentioned  yellow  crystalline  cc 
were  analyzed  from  time  to  time,  but  the  results  usually 
2  to  3  per  cent,  short  of  loo  for  the  sum  of  carbon  and  h; 
This  was  at  first  ascribed  to  the  absorption  of  oxygen  b> 
saturated  hydrocarbon  during  the  washing  and  transferen 
material.  I  then  came  back  to  the  use  of  benzene  as  a 
An  apparatus  was  constructed  by  means  of  which  the  bei 
lutioo  of  the  hydrocarbon  could  be  concentrated  in  a  va 
30.°  C. ;  ether  could  then  be  added,  and  the  crystals  that 
formed  could  be  filtered,  washed,  and  thoroughly  dried  i 
mosphere  of  carbon  dioxide, — all  these  operations  being  ct 
in  the  same  single  piece  of  apparatus,  without  any  rubber 
tions  whatever.  The  crystalline  product  obtained  in  thi 
almost  insoluble  in  ether.  It  was  washed  with  ether  froi 
to  twenty  times  to  insure  the  complete  removal  of  the  a 
oying  products  such  as  triphenylmethane,  triphenylcarbi 
The  crystals  are  at  first  perfectly  colorless,  but  soon  tu 
yellow,  the  color  increasing  with  standing.  Twenty  { 
triphenylchlonnethane  give  about  7  grams  of  the  insolu 
talline  compound.  Molecular  weight  determinations  of 
stance  were  first  made  and  the  results  were  fairly  satisfa 
calculated  for  triphenylmethyl.'  An  elementary  analys 
ever,  gave  the  following  results : 

o.9S84gram  substance  gave  0.9488  gram  carbon  dioxide  and  o. 

Calcnlatcd  for 

(CH,),C  P< 

Carbon 93-7^  ^. 

Hydrogen  6.24 

'  The  ddemiinatlons  wtte  nude  by  U 
in  an  atmiMpherc  of  nitrogen,  u  carbon  d 
■uffident  isgnt  to  Impair  the  r«>nlu. 


TRIVALBNT  CARBON.  i 

fresh  sample  was  then  prepared  in  a  similar  way  and  i 
o\'er  sulphuric  add  in  a  vacuum  desiccator  (previously  fil 
carbon  dioxide)  over  night.  It  gave  the  following  resul 
75 gram  substance  gaveo.7831  f^ram  carbon  dioxide  ando.ijfogi 

Per  cent. 

Carbon S9.94 

Hydrogen 7.35 

lew  sample  was  then  prepared,  dried,  and  analyzed  in  t 

day,  but  the  results  were  almost  the  same. 

17  gram  substance  gave  a.So6o  gram  carbon  dioxide  and  o.  1585  gi 

Percent. 

Carbon 89.83 

Hjdragen 7.35 

e  next  sample  was  prepared  by  the  addition  of  a  mixture 
■  ether  and  acetic  acid  instead  of  absolute  ether,  in  order 
better  in  solution  any  zinc  salts  which  might  possibly  hi 
ipanied  the  previously  mentioned  samples.  This  sam 
vashed  first  with  acetic  ether  and  then  with  absolute  etb 
>ked  whiter  and  more  distinctly  crystalline  than  any  bef< 
ned,  but  the  analysis  gave  figures  for  carbon  and  hydrog< 
am  of  which  was  only  95.67'  per  cent.  The  close  couco 
of  the  first  three  samples,  and  the  fact  that  when  ace 
,  which  carries  almost  twice  as  much  oxygen  as  ethyl  eth 
■A  for  precipitating  the  hydrocarbon,  a  product  proporti< 
richer  in  oxygen  is  obtained,  suggested  the  idea  that  t 
ances  analyzed  must  be  compounds  of  the  hydrocarbon  w 
liven  ts. 

Calcalited  for  Pound. 

j(cji,),c  +  (CH.),o.        I.  II.  m. 

Carbon 89.93  89.7a  89.94  89.83 

Hydrogen ^.^J  7.37  7.35  7.35 

at  we  have  here  such  a  compound  is  proved  by  the  followi 
iment :  0.9430  gram  of  the  ether  compound  was  placed 
jnum  boat  and  gently  heated  at  70°  C.  in  a  tube,  in  a  stre 
bon  dioxide.     The  loss  in  weight  was  o.  1090  gram. 

CalcuUted  for 
J<C,H.),C  +  (C,H,),0,  Found. 

LoM i3-»a  "-56 

e  escaping  ether  was  eafiily  identified  by  its  odor,  and  a  f 
cts  were  also  condensed  in  a  small  IJ-tube  which  was  sea 
the  further  end  of  the  tube.    The  amorphous  yellow  resic 


M.    GOMBERG. 

i  all  the  properties  of  the  unsaturated  hydrocarbon. 

iodine  with  great  eagerness  ;  a  solution  of  it,  when  ex 

,  gives  the  triphenylmethyl  peroxide.     An  analyds 

le  gave  the  following  results  : 

10  gram  substance  gave  0.5510  gram  carbon  dioxide  and  a.ioi 

CalcuUtcd  for 

{C,H,),C.  FooBi 

Carbon 93-76  91.9; 

Hydrogen  6.24  7.0; 

-emains  yet  to  be  settled  whether  this  readue  repr 
triphenylmethyl  or  a  mixture  of  it  with  some  of  its  d 
on  products. 

DUND  OP  THE  UNSATURATED  HYDROCARBON  WITH  t 

ETHER, 
reaction  entirely  analogous  to  the  one  described  above 
when  acetic  ether  is  substituted  for  absolute  ether.  J 
i  of  tbe  unsaturated  hydrocarbon  with  acetic  ether  is  i 
id  when  triphenylchlormetbane,  dissolved  in  tbe  e: 
:d  with  zinc.  It  is  also  produced  when  the  metal  is  a 
:  upon  the  halogen  compound  dissolved  in  benzene,  1 
x>ncentrated  solution  acetic  ether  is  added.  Tbe  : 
1  furnished  the  results  given  below  was  prepared  by  t 
aethod  ;  it  was  washed  fifteen  times  with  acetic  este 
boroughly  dried  in  an  atmosphere  of  carbon  dioxide. 
So  gram  substance  gave  1. 0180  gram  carbon  dioxide  and  o.aol 

Cslculated  for 
l(C,H,)^  +  CH^O^Ht  FOBO 

Carbon 87.74  87.8 

Hydrogen 6.69  7.3 

e  compound  of  the  hydrocarbon  with  the  ester  is  pe 
ess  when  first  prepared,  but  soon  turns  pale-yellow. 

stable  than  the  corresponding  ether  compound,  and  < 
much  longer  without  discoloration.     It  can  be  obtai 

crystals  or  in  the  form  of  a  granular  crystalline  p 
eating,  it  loses  the  ester. 
70  gram  substance  lost  at  100°  C.  o.  1575  gram. 


2<CaHt)iC  +CH,CO,C^Ht         Foun 

Loaa 15.50  14.1 

e  escaping  acetic  ester  was  condensed  and  identified  a: 
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%sidue,  after  driving  off  the  ester,  looked  lilce  that  obtained 
the  ether  compound.     It  was  amorphous,  yellow,  soluble  in 
^ne  and  in  carbon  dtsulphide  ;  it  absorbed  iodine  and  gave 
eroxide.     An  analysis  gave  the  following  results  : 
15  gnun  snbstance  gave  0.7150  gram  cartKin  dioxide  and  0.1333  gram 

Calcntatcd  tor 

(C|Hc),C.  POODd. 

Carbon 93- 7^  93.61 

HTdrogcD  6.34  6.93 

vill  be  noticed  that  in  both  instances  the  per  cent,  of  carbon 
lewhat  low  for  triphenylmethyl.  This  may  be  accounted 
'  a  slight  oxidation,  but  I  have  no  explanation  at  present  as 
:  cause  of  the  rather  high  per  cent,  of  hydrogen. 

WHAT  IS  THE  NATURE  OP  THESE  COMPOUNDS  ? 
s  impossible  to  tell  at  this  time  whether  in  these  two  in- 
M  the  ether  and' the  acetic  ester  are  those  of  crystallization 
constitution.  Such  a  distinction  is  at  best  but  an  arbitrary 
One  would  expect  that  ether  of  crystallization  would  be 
driven  off  in  vacuo  over  sulphuric  acid, — which  is  not  the 
n  this  instance.  From  the  extreme  unsaturation  of  the  hy- 
rbon  it  may  be  assumed  that  it  might  add  itself  to  acetic 
giving  a  body  something  like  this  : 
CH,.     yOC,H, 

C 0 

I  1 

C(C,H,).C(C,H,), 

t  it  could  hardly  be  expected  that  mere  heating  at  So^-ioo' 

}uld  break  up  a  chain  of  three  carbon  atoms  in  such  a  way 
regenerate  the  ester.  Then,  again,  the  combination  with 
ether  precludes  any  such  addition  theory  in  that  instance. 

s  not  ether  of  crystallization,  then  the  following  constitution 

iit  body  suggests  itself : 

C,H,.-/C(C,H,), 

C,H./\C(C.H,),' 
he  acetic  ester  compound  may  be  supposed  to  have  the  cor- 
nding  constitution 

CH,C(X      yC{C.H,), 

C.H,/X;(C.H,), ' 
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In  support  of  such  a  constitution  might  be  cited  the  re 
ble  avidity  of  the  hydrocarbon  for  oxygen,  and  the  possit 
oxygen  to  act  as  tetravalent.  Such  a  possibility  was  fo 
owed  by  van 't  Hoff  as  long  ago  as  1877,'  There  has  sin 
accumulating  a  considerable  amount  of  evidence  of  phys 
ture  pointing  to  such  a-possibility.  In  connection  .with  tl 
be  mentioned  the  recent  work  of  Kanonnikow.  From  a  £ 
alcohols  and  ethers  at  their  critical  condition,  Kanonnikov 
to  the  conclusion  that  in  these  compounds,  under  these  con 
the  oxygen  behaves  as  if  it  were  tetravalent.  The  extn 
saturation  of  triphenylmethyl  presents  an  excellent  opp( 
to  test  the  theory  of  the  tetravalence  of  oxygen.  The  ab 
mulas  for  the  two  compounds  must  be  looked  upon,  at  pn 
a  mere  suggestion.  It  is  my  intention  to  extend  this  s 
other  oxygen  compounds,  as  well  as  to  nitrogen  derivati^ 
I  beg  to  reserve  this  field  for  further  work. 


[Contribution  from  the  John  Harrison  Laboratory  of  Chi 
No.  56.] 
THE  ATOniC  WEIGHT  OF  ANTinONY. 

H«,.i«dJuo.B,l^.. 

KNOWING  that  antimony  oxide  could  be  completely  < 
from  its  combinations  in  a  current  of  hydrochloric 
it  appeared  probable  that  a  new  ratio  might  be  establi: 
antimony,  by  exposing  potassium  antimonyl  tartrate  to  tl 
of  this  gas.  It  will  be  recalled  that  by  this  procedure  thi 
weights  of  molybdenum  and  arsenic  had  been  previousl 
mined  in  this  laboratory.  In  these  particular  instances 
molybdate  and  sodium  pyroarsenate  were  exposed  in  p 
boats,  at  a  moderate  heat,  to  the  action  of  the  gas,  and  f 
weight  of  the  residual  sodium  chloride  the  req>ectivc 
weights  were  calculated.  The  method  of  work  adopt 
these  metals  was  pursued  with  potassium  antimonyl  tartr 
it  was  soon  discovered  that  as  carbon  dioxide  and  water 
the  salt  swelled  up  and  was  projected  from  the  boat,  s( 
double  crudble  was  substituted  for  the  latter.     On  trial 
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bonaceous  material  was  removed  in  this  way,  when  the  add 
was  again  introduced  and  the  crucible  contents  allowed  to  > 
it.  As  the  residual  potassium  chloride  contained  some  car 
was  dissolved  in  water  and  the  solution  filtered.  The  G 
with  washings,  was  collected  in  a  weighed  platinum  dis 
evaporated  upon  a  water-bath.  The  dish  was  supported  i 
perforated  glass  plate.  The  dry  potassium  chloride  was 
heated  in  an  air-bath  to  150°,  then  removed  and  gently 
over  a  flame  to  expel  the  last  traces  of  moisture.  On  coolii 
salt  was  weighed.  Two  experiments  made  with  potassiui 
monyl  tartrate,  not  especially  purified,  and  with  an  ordina 
ance  and  weights,  gave  the  following  results  : 

Salt.  PotiHium  chloride.         Atomic  w 

Gnnu.  Gnmit.  ol  aatlai 

I a-0358  0.4691  IJO.^ 

» 3-5919  0.5973  IJ0.4 

This  concordance  in  result  and  the  ease  with  which  the  i 
could  be  executed,  led  us  to  prepare  and  purify  large  1 
ties  of  potassium  antimonyl  tartrate.  To  this  end  the 
commercial  salt  was  recrystallized  ten  times,  the  first  f: 
only  being  used  in  each  subsequent  crystallization.  The  f 
grams,  intended  for  experiment,  were  dried  at  150°  for  a 
of  sixteen  hours.  A  weight  was  taken  and  the  mass  thei 
heated,  cooled,  and  reweighed.  There  was  no  variation 
weight.  This  material  was  carefully  tested  for  impurities 
arsenic,  sodium,  silica,  etc.),  and  was  found  free  from 
Portions  of  it  were  then  acted  upon  as  outlined  in  the  pre 


The  balance  used  in  the  subsequent  experiments  wa 
structed  for  atomic  weight  work  by  Troemner,  It  is  sens 
^  of  a  milligram  with  or  without  load.  The  weights  o 
and  platinum  were  carefully  calibrated.  All  weighings  n 
ducedto  the  vacuum  standard.  The  specific  gravity  of  pot 
chloride  was  taken  as  1.995  ^^^  ^^^^  of  the  tartar  emetic 
(Beilstein).  The  atomic  weights  used  in  the  calculation 
0  =  16,  H  =  i.oo8,  C=i2,  K  =  39.ii,  and  01  =  35.45. 
results  obtained  with  the  pure  material  and  with  the  obse 
of  all  the  necessary  precautions  were  : 
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aatimoayl 

Crams.  Onnu.  aotimoDy. 

I.I9481  0-17539  I30.345 

i.S7«>4  0.36186  i».359 

3.009IJ  0.46307  120.35' 

a.OWM  0.47073  iao.379 

a.16646  0.49935  110.341 

3.J5558  0.5198a  iao.385 

a.6ias5  o.6oais  130.350 

3.95373  0.68064  130.311 


barium  and  silver  antimonyl  tartrates  crystallize  well  and 
pe  was  entertained  that  these  salts  might  also  be  included 
circle  of  experimentation  but  thus  far  the  results  with  them 
ot  been  satisfactory. 

rVBBSTTT  or  PehnBixvaiiu. 


THE  CHEniCAL  NATURE  OF  ENZYflES. 

BV  P.  A.  IiBVBHB. 

re  is  comparatively  little  known  about  the  chemical  nature 
enzymes.  In  fact  it  is  only  in  recent  years  that  some 
on  has  been  given  to  these  substances.  Kven  the  supposition 
izymes  are  of  a  proteid  nature  is  not  based  on  irrefutable 
ce.  Nevertheless,  this  is  generally  accepted.  Very  recently 
Friedenthal  claims  that  the  enzymes  possess  the  nature 
leo-proteids. 

s  chiefly  in  view  of  this  last  research  that  I  have  published 
)f  the  results  of  the  investigation  on  the  chemical  nature 
ymes.  The  object  of  this  work  is  to  determine  whether 
es  are  actually  of  proteid  nature.  It  was  established  during 
it  few  years  by  the  researches  of  Morochowetz,  Lawrom,  and 
er  that  proteids  can  be  digested  by  means  of  trypsin  to 
an  extent  that  the  product  no  longer  gives  the 
test,  in  other  words  the  entire  proteid  material  is  decom- 
It  was  also  demonstrated  by  Gulewitch  that  trypsin  do«6 
ict  on  nitrogenous  substances  of  non- proteid  nature. 
■  it  seemed  possible  to  test  the  proteid  natur»  of 
les  by  subjecting  them  to  tryptic  digestion. 
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The  statement  lias,  however,  been  made  that  someenz} 
destroyed  even  by  a  comparatively  short  digestion  with 
but  this  statement  has  also  been  contradicted.  It  t 
appeared  advisable  to  repeat  these  experiments. 

Popow  has  demonstrated  that  trypsin  decomposes  na 
teids,  splitting  oS  their  phosphorus  as  phosphoric  add 
seemed  therefore  possible  to  ascertain  by  means  of 
digestion,  whether  enzymes  were  of  the  same  nature  as 
proteids, 

I  performed  my  first  experiment  in  September,  1899. 
pounds  of  fresh  pancreas  glands  were  chopped,  treated  1 
per  cent,  solution  of  sodium  carbonate  and  a  large  qua 
chloroform.  The  mixture  was  allowed  to  stand  over  nig 
was  then  strained  through  gauze  and  the  liquid  divit 
several  flasks,  more  chloroform  added,  and  then  placet 
thermostat  at  40°  C.  The  contents  of  the  flasks  were  wel 
every  day.  After  a  couple  of  weeks  of  digestion  the  cor 
the  fiasks  were  filtered,  the  filtrate  transferred  into  add  t 
considerable  quantity  of  chloroform  added  and  placed  ia 
warm  room.     The  bottles  remained  there  until  May,  igi: 

The  solution  which  was  very  dark  in  color,  was  then 
ized  by  means  of  animal  charcoal,  and  tested  for  biuret  a 
a  negative  result. 

Another  part  of  the  same  decolorized  liquid  was  treate 
great  excess  of  alcohol  and  the  whole  precipitate  thus  ■ 
tested  for  biuret  without  result. 

From  the  above  negative  tests  it  was  assumed  that  all 
teids  of  the  original  extract  were  decomposed.  In  orde 
how  far  the  decomposition  of  the  nucleic  acid  went,  a  > 
nation  of  the  phosphorus  in  the  form  of  organic  and  ii 
compounds  was  made. 

In  25  cc.  of  the  solution  the  phosphoric  acid  was  pre< 
by  means  of  magnesia  mixture.  The  precipitate  slightly 
was  redissolved  with  hydrochloric  acid  and  repredpitat 
ammonia.     The  magnesium  pyrophosphate  weighed  0.25 

Another  25  cc.  of  the  same  liquid  was  evaporated  to  1 
and  the  residue  fused  with  sodium  carbonate  and  p( 
nitrate.  The  phosphorus  was  estimated  in  the  usual  wa; 
magnesium  pyrophosphate  weighed  0.349  gram. 

This  experiment  demonstrated  that  trjT>sin  is  able  to 
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pose  abtolutely  the  nucleo-compounds  of  the  pancreas,  as  well  as 
the  proteids.  This  solution  of  the  self-digested  pancreas  extract, 
however,  has  no  proteolytic  activity. 

It  was  then  attempted  to  subject  trypsin  to  self-digestion  for  a 
shorter  period,  so  as  either  to  break  up  all  the  nucleins  and  leave 
some  proteid  material  intact  or  vice  versa. 

Gnibler*s  trypsin  was  used  for  these  experiments.  About  3 
grams  of  the  substance  were  treated  with  150  cc.  of  0.5  per  cent, 
solution  of  sodium  carbonate  and  allowed  to  stand  six  weeks.  At 
the  end  of  that  time  the  mixture  was  filtered.  The  filtrate  gave 
a  positive  though  very  weak  biuret  test,  and  possessed  tryptic 
activity.  50  cc.  of  the  solution  were  used  for  the  estimation  of  the 
total  phosphorus,  another  50  cc.  for  the  estimation  of  phosphorus 
in  the  form  of  phosphoric  acid.  The  total  phosphorus  weighed 
0.00125  gram  and  the  phosphorus  as  phosphate  weighed  0.0012, 
thus  showing  the  absence  of  nucleo  compounds  in  the  solution,  and 
still  the  solution  contained  the  proteolytic  enzyme. 

In  experiment  No.  2,  30  grams  of  trypsin  (Fairchild)  were 
treated  with  50  cc.  of  0.5  percent,  solution  of  sodium  carbonate 
(a  great  excess  of  chloroform  added  as  an  antiseptic),  and 
allowed  to  stand  in  an  incubator. 

After  three  weeks  of  self-digestion  part  of  the  mixture  was 
filtered  and  tested  for  proteolytic  activity.  The  result  was  posi- 
tive. In  25  cc.  of  the  filtrate,  the  total  phosphorus  was  estimated, 
and  it  weighed  0.0162  gram.  In  another  25  cc.  portion  the  phos- 
phorus is  estimated  as  phosphate  ;  it  weighed  0.013 1  gram,  thus 
showing  the  presence  of  traces  of  nucleo-compounds. 

After  four  weeks  of  self-digestion  another  experiment  was 
made  similar  to  the  former.  The  solution  still  possessed  its 
proteolytic  properties.  lo  cc.  of  it  contained  0.00715  gram  phos- 
phorus. Another  10  cc.  of  the  same  contained  0.00628  gram 
phosphorus  as  phosphate,  again  showing  the  presence  of  a 
slight  amount  of  nucleo-compounds. 

The  experiment  was  again  repeated  after  six  weeks  of  self- 
digestion.  The  solution  was  still  active  and  gave  the  test  for 
biuret.  10  cc.  of  the  solution  contained  0.00715  gram  total  phos- 
phoras.  10  cc.  of  the  same  contained  0.00663  gram  phosphorus 
^  mineral  phosphates,  thus  containing  scarcely  any  nucleo-com- 
pounds  and  still  possessing  proteolytic  activity.       These  experi- 
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ments  would  scarcely  justify  the  conclti 
trypsin  is  a  niideo- compound. 

The  fact  that  only  those  solutions  we 
positive  biuret  test  would  seem  to  indica' 
teid  nature.  However,  in  some  cases  tt 
perceptible,  and  yet  the  solution  of  the 
contained  the  active  ferment. 

Experiments  on  other  enzymes  in  the 
in  progress. 

I  wish  to  express  my  indebtedness  to  ] 
assistance  received  from  him. 


CONTRIBUTIONS  TO  THE  KNOWLE 
REACTIONS. 

Bv  W.  N.  Stull. 

THE  object  of  the  study  outlined  in 
primarily  to  investigate  the  positi 
librium  when  add  solutions  of  certain  : 
hydrogen  sulphide,  and  to  determine  t! 
and  temperature  upon  these  points.  Ii 
purpose,  it  was  thought  desirable  to  asc 
tions  the  separation  of  certain  metals,  st 
could  most  accurately  be  effected  by  h 
author  has  been  unable  to  find  any  accc 
nations  upon  this  latter  point,  though 
separating  zinc  and  cadmium  by  hydroj 
in  almost  all  laboratories. 

At  the  beginning  it  was  found  that  tl 
rium  with  add  solutions  of  zinc  and  ca 
difficulties,  since  the  reactions  are  excee 
in  no  case  was  complete  equilibrium  rea 
tiOQ  had  been  treated  with  a  rapid  strei 
for  many  hours.  As  the  work  advano 
tance  of  the  speeds  of  the  reactions  bee 
parent,  and  as  a  result  this  factor  became 
and  incidental  thereto,  the  effects  of  ten: 

Since  the  author  must  discontinue  the 
himself  to  other  duties,  it  is  deemed  be: 
incomplete  as  they  are,  on  account  of  t 
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ilems  of  analysis.  At  a  later  date  lie  hopes  to  continue 
trk  and  discuss  it  with  reference  to  the  theory  of 
ium  and  mass  action.  Thus  far  the  work  has  extended 
zinc  and  cadmium  in  hydrochloric  and  sulphuric  add  so- 

ratus  and  Predpilaiion. — The  solution  of  the  metal  was 
:d  in  two  tubes  immersed  in  a  water-bath,  kept  at  con- 
cnperature  by  a  thermostat.  Washed  hydrogen  sulphide 
sed  into  the  tubes  at  the  rate  of  about  4  liters  per  hour, 
■nd  of  any  period  of  time  selected,  a  portion  was  filtered 

zinc  or  cadmium  remaining  in  solution  determined.  The 
s  determined  vDlumetrically  by  the  ferrocyanide  method 
Cadmium  was  determined  as  the  sulphide.  When  tem- 
»  higher  than  30°  were  used  a  tube  partially  filled  with 
as  placed  in  the  bath  and  connected  between  the  gas-gen- 
nd  the  precipitation  tubes  so  as  to  compensate  so  far  as 

for  the  loss  of  water  from  the  solution  by  evaporation. 

ERIES  I.     ZINC  IN  HYDROCHLOKIC  ACID  SOLDTION. 
an  I  indicates  the  number  of  the  determination,  II  the 
hours.  III  the  per  cent,  of  free  hydrochloric  acid,  and  IV 
cent,  of  zinc  remaining  in  solution.     The  temperature 


0-57 

3.84 

agS 

3.48 

1.53 

3.00 

1.76 

3.78 

1.9a 

a.63 

3.14 

a.41 

a.27 

3.3a 

a-35 

3.35 

2.48 

a.  13 

a.65 

1-98 

3.7a 

1.9a 

1.86 

1. 81 

6.5 

7.0  3.98  1.69 

7-5  3- '8  1-55 

U  be  observed  that  at  the  end  of  seven  and  one- half  hours, 
ation  was  still  taking  place  and  at  a  rate  which  indicated 
uilibrium  was  yet  far  removed. 
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SBRIBS  II.  ZINC  IN  SDI,PHUBIC  ACID  SOLDTION. 
The  conditions  of  precipitation  were  the  same  as  in 
Here,  as  in  Series  I,  the  zinc  sulphide  precipitated  was 
white,  the  zinc  used  being  a  very  pure  specimen  that  si 
impurity  save  a  trace  of  iron,  and  an  amount  of  carbo: 
too  small  for  determination.  Column  II  shows  the  time 
column  III  the  per  cent,  of  free  sulphuric  acid,  anc 
amount  of  zinc  remaining  in  solution. 


8  7  4.47 

At  the  end  of  seven  hours  precipitation  was  still  ; 
although  very  nearly  complete.  The  solution  cental 
4.50  per  cent,  of  free  acid.  In  order  the  better  to 
the  restraining  action  of  the  two  acids,  it  was  thoughl 
to  use  solutions  which  would  contain  approximately 
amounts  of  zinc  at  the  beginning  and  at  the  end  of  the 
tion.     The  results  are  shown  in  Series  III. 

SEBIBS  III.   ZINC  IN  SULPHURIC  ACID  SOLUTION 


8  9.0  4.61 

9  "-5  5-25 

The  course  of  the  reaction  in  the  presence  of  free 
acid  is  very  similar  to  that  in  the  presence  of  free  hydroct 
The  curves  representing  time  and  precipitation  in  the 
are  very  nearly  parallel.  Comparing  the  amounts  of  fr 
the  end  of  equal  times  (seven  and  one-half  hours)  in  S< 
III,  it  may  be  observed  that  sulphuric  acid  txerts  litt 
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ig  influence  than  hydrochloric,  since  the  amount  of  the 

exceeds  the  latter  by  only  about  t  per  cent, 

ence  of  Time. — It  seemed  desirable  to  determine  the  influ- 

time,  if  any,  upon  the  amount  of  precipitation,  and  to 
i  four  experiments  were  performed  with  the  same  solution. 
Following  table,  column  II  gives  the  time  during  which  the 
^  passed  into  the  solution,  column  III  the  time  in  hours 
£  solution  was  allowed  to  stand  before  filtering,  IV  the  free 
dloric  acid,  and  V  the  zinc  remaining  in  solution.  In  3 
ition  was  shaken  one  and  one-half  hours  before  filtering. 
-se  the  tubes  were  kept  tightly  stoppered  while  standing. 

ends  of  the  respective  times  the  solution  still  contained 
ree  hydrogen  sulphide. 

SERIES  IV. 


I  13-5  3-'o  1.57 

3-5  13.5  3-87  0.89 

results  show  some  precipitation  after  the  hydrogen  sulphide 
n  stopped,  but  probably  a  three-sided  equilibrium  of  hy- 
sulphide,  hydrochloric  acid,  and  zinc  chloride  is  reached 
a  few  hours,  and  this  does  not  seem  to  be  affected  by  ^- 

enee  of  Agitation. — In  order  to  determine  more  fully  the 
if  agitation  upon  the  rateof  precipitation,  portions  of  a  so- 
ixintaining  4.86  per  cent,  of  free  and  combined  hydrochlo- 
[  were  treated  in  two  tubes,  with  hydrogen  sulphide.  In 
these  tubes  was  a  stirrer  kept  in  rapid  motion  by  a  hot- 
ine.  The  tubes  were  kept  at  the  same  temperature,  20°. 
a  V  shows  the  amounts  of  zinc  remaining  in  solution  in 
)e  not  provided  with  a  stirrer,  at  the  ends  of  the  respective 
i,  and  column  IV  gives  the  zinc  in  the  solution  stirred.  In 
o  reduce  the  effect  of  agitation  due  to  the  gas  itself,  the 
flow  was  made  considerably  less  than  that  used  in  the 
eries. 

SERIES  V. 

II.  III.  IV.  V. 

I  4.86  3.53  3.65 
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The  results  confirm  that  of  experiment  3,  in  Series 
ow  that  agitation  has  very  little  influence  upon  the  ral 
)itation. 

InfltKHce  of  Temperature. — To  determine  the  influenc 
rature  upon  the  rate  of  preci[Mtation,  portions  of  the 
tion  of  zinc  chloride  were  treated  at  20°  and  50*,  res] 
r  five  hours  with  hydrogen  sulphide  Sowing  at  the  sai 
ch  case.  Column  IT,  in  Series  VI,  gives  the  tempera 
an  III  the  time,  and  column  IV  the  zinc  remaining  in 
le  results  show  that  change  in  temperature  within 
nits  has  very  little  influence  upon  either  the  rate  of 
)n  or  the  point  of  final  equilibrium. 


Cadmium. — A  solution  of  cadmium  chloride  was  ma( 
Iving  the  pure  metal  in  hydrochloric  add.  It  conta 
r  cent,  of  cadmium  and  the  total  add  was  11  ■  33  per  cc 
lution  gave  a  pure  yellow  predpitate  with  hydn 
lide  which  was  free  from  zinc.  The  only  impuri 
IS  a  trace  of  iron.  This  solution  was  treated  with 
Iphide  in  the  same  way  as  those  of  zinc.  At  the  ec 
riods  chosen  portions  were  filtered  and  the  cadmium  1 
solution  was  determined  as  sulphide,  with  the  usu 
ins.  In  the  following  table  column  II  contains  the  time 
iumn  III  the  per  cents,  of  free  add,  and  IV  the  per 
dmium  remaining  in  solution. 

SERIES  VII. 

I.  II.  III. 

I  a  8.73 

a  3  9.40 

3  4  9M 

4  S  10.15 
3  7  to.  19 
6  8  io.a6 

The  general  trend  of  the  curve  of  predpitation  is  th< 
at  for  the  predpitation  of  zinc  from  a  solution  of  the 
may  be  seen  by  a  comparison  of  the  above  results  wit 
ries  I,  though  the  approximate  equihbrium  in  the  cs 
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is  reacted  much  sooner.     A  comparison  of  the  two  is  of  in- 

from  the  analytical  point  of  view.  Zinc  is  by  no  means  all 
litated  after  many  hours  from  asolution  containing  j.iSper 
of  free  hydrochloric  acid,  and  the  precipitation  of  cadmium 

complete  in  a  solution  containing  10.26  per  cent,  of  this 

The  range  of  the  strength  of  acid  within  which  it  might 
isidered  possible  to  separate  the  two  metals  by  precipitation 
lydrogen  sulphide  is,  therefore,  considerably  less  than  7  per 

and  a  consideration  of  the  curves  would  lead  one  to  doubt 
ler  it  is  possible  to  separate  them  by  a  single  precipitation 
iny  strength  of  hydrochloric  add. 

'mfum  in  Sulphuric  Acid  Solution.  — Cadmium  sulphate  was 
by  heating  pure  cadmium  nitrate  with  pure  concentrated 
iric  add  until  all  trace  of  nitric  add  had  di^ppeared.  Bx- 
ents  showed  that  cadmium  could  be  completely  and  quickly 
itated  at  20°  C.  from  any  strength  of  sulphuric  add  so- 
Attention  was  directed,  therefore,  to  its  precipita- 
it  higher  temperatures,  and  for  this  purpose  85°  was  the 
chosen  as  convenient.  A  solution  containing  about  15  per 
of  free  add  and  9  per  cent,  of  cadmium  sulphate  was  treated 
lydrogen  sulphide  at  the  usual  rate  for  three  and  a  half 
The  cadmium  remaining  in  13  grams  of  the  solution  at 
id  of  this  time  was  only  0.0004  gram,  while  the  amount  of 
dd  as  shown  by  titration  was  18.66  per  cent, 
econd  solution  containing  9  per  cent,  of  cadmium  sulphate 
a  per  cent,  of  free  acid  was  treated  with  hydrogen  sulphide 
ree  hours  aod  at  85°.  The  cadmium  remaining  in  solution 
Dund  to  be  about  the  same  as  above,  or  only  a  trace,  show- 
lat  this  metal  can  be  practically  completely  predpitated  from 

solution  containing  22.8  per  cent,  of  free  sulphuric  add, 
eing  the  amoimt  found  by  direct  titration, 
a  comparison  of  these  results  with  those  obtained  in  Series 
inc  sulphate,  it  will  be  seen  that  while  the  predpitation  of 
had  practically  ceased  when  the  free  sulphuric  add  had 
ed  5,25  per  cent,,  cadmium  is  totally  predpitated  at  85°  in 
resence  of  23  per  cent,   of  free  add.     In  other  words  the 

of  possible  complete  separation  of  zinc  and  cadmium  when 
uric  acid  is  used  is  at  least  17  per  cent.,  or  three  times  what 
rhen  hydrochloric  add  is  used,  and  with  predpitation  at  com- 
nxaa  temperature  the  range  would  probably  be  much  greater. 
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In  view  of  the  fact  that  cadmium  sulphide  is  soluble  i 
ixnling  sulphuric  acid,  the  common  method  of  separating  c 
and  copper  being  based  upon  this  fact,  it  was  deemed  rat 
prising  that  complete  precipitation  had  taken  place  at  sue 
temperature  and  in  the  presence  of  such  a  quantity  of  ft 
The  following  experiment  makes  clear  this  seeming  anon 
portion  of  the  solution,  in  the  last  experiment  with  cadm 
phate,  which  contained  onlya  trace  of  cadmium  immediati 
the  stream  of  hydrogen  sulphide  was  stopped,  was  left  in 
with  the  precipitated  cadmium  sulphide  at  85"  for  half  a 
At  the  end  of  that  time  the  solution,  now  almost  free  i 
odor  of  hydrogen  sulphide,  had  dissolved  1.8  per  cen' 
weight  of  cadmium  sulphide.  This  result  in  connect! 
what  has  preceded  seems  to  show  that  the  complete  prec 
of  cadmium  as  sulphide  depends  chiefly  upon  the  satui 
the  solution  with  hydrogen  sulphide,  the  temperature  and  1 
of  the  acid  being  of  only  secondary  importance.  Direct 
ment  showed  that  when  pure  washed  cadmium  sulphit: 
lowed  to  remain  in  contact  with  cold  dilute  sulphuric  add 
cent.  H,SO,)  for  several  hours,  it  is  to  a  very  marked 
dissolved. 

I  wish  to  take  this  opportunity  to  express  my  sincere  tl 
Dr.  W.  S.  Hendrixson,  at  whose  suggestion  this  work  wa 
taken  and  to  whose  kind  advice  and  aid  any  success  wt 
little  study  may  have  attained  is  largely  due. 

Iowa  Collboe,  Gkimmbll, 
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Atoms  and  Enbrgibs.    By  D.  A.  Murray.    New  Vork  :  A.  S. : 

Co.     1901.     301  pp.     Illua.     lamo. 

The  author  of  this  book  was  some  time  instructor  in  tl 
ernment  Shogyo  Gakko,  Kyoto,  Japan,  and  he  is  at  presi 
tor  of  a  Church  in  aWestemcity.  He  claims  that  the  "  1 
conceptions  of  the  nature  of  fundamental  atomic  phent 
presented  in  this  book,  must  create  a  "complete  revoli 
our  thinking  along  many  lines  of  physical  research," 
those  who  accept  his  visionary  lucubrations  this  claim  ^ 
tainly  be  justified. 

According  to  the  author,  atoms  are  all  identical  in  so 
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ffer  only  iu  size  and  shape ;  he  defines  an  atom  as  "  an 
etrable  Expanse  of  the  ability  to  Modify  and  be  Moved  by 
y."  He  dwells  at  length  upon  the  shapes  of  atoms,  for 
one  element  of  Shape  in  the  atom  is  capable  of  determining 

varieties  of  result  found  in  combinations."  Thus  iron 
)ld  are  identical  in  essence,  but  their  diverse  qualities  are 
lined  by  diversity  in  shape  and  size  of  their  atoms.     The 

contains  several  illustrations  showing  the  shape  of 
,  and  they  resemble  the  building  blocks  used  by  children 
e  diagrams  of  dressmakers.  Notwithstanding  much  space 
:n  to  the  shape  of  atoms  (pages  43  to  58),  the  fact  that  they 
dowed  with  weights  is  generally  ignored  ! 
se  atoms  are  influenced  by  two  energies  only,  one  attract- 
d  one  repelling,  but  "  Energy  "  is  not  a  mode  of  motion, 

"distinct  Entity."  "Adhesion,  Cohesion  and  Chemical 
:y  in  all  its  myriad  forms,"  are  simply  different  "operations 
ivitation,"  and  the  "key  to  the  solution  is  to  be  found  in 
finite  factor  which  comes  into  operation  when  the  atoms 

actual  contact  with  each  other."  The  different  kinds  of 
:t  are  thus  explained  :  "  When  not  in  contact  we  have  the 
us  state ;  when  but  a  single  point  of  contact,  the  Liquid 

when  so  many  points  of  contact  that  there  is  rigidity,  the 
state  ;  when  face  to  face  contact.  Chemical  Combinations," 
;  author  demonstrates  to  his  satisfaction  that  the  inter- 
■  Ether  is  identical  with  Energy;  he  concludes  that  "the 

is  simply  Energy  as  an  Entity." 
s  dificult  in  reviewing  a  book  of  this  character  to  avoid 

the  author  injtwtice,  but  we  have  endeavored  to  prevent 
y  dting  almost  exclusively  his  own  words.  The  work  is 
sed  (in  an  IntrtJduction)  by  a  gentleman  who  has  been 
>sful  as  an  archEeologist  and  anthropologist,  especially  in 
ring  Mexico,  but  his  pursuits  have  not  especially  qualified 
or  judging  a  treatise  on  physical  science.  He  says,  how- 
that  the  work  "  will  stimulate  thought." 

Henry  Cabrington  BotTON. 

riTATivK  Chemical  Analysis,  Adapted  por  Usk  in  the  Labora- 
i&s  OF  Colleges  AND  Schools.  By  Frank  Clowes,  D,Sc.  (Lond.) 
1  J.  Bernard  Coleman,  A.R.C.Sc.  {Dublin}.  Fifth  edition.  Phil- 
pbia:  P.  Blakiston'sSou&Co.  1900.  xziT+593pp.  Price,  Jj.  50. 
is  is  a  standard  laboratory  guide  in  many  of  the  English 
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colleges  and  has  also  received  favor  on  this  side  the 
The  subject-matter  is  arranged  under  sixteen  sections 
first  three  of  these  describe  chemical  apparatus, 
chemical  manipulation,  the  determination  of  specific 
boiling-point  and  melting-point,  and  the  prepara 
pure  substances.  Section  IV  is  arranged  so  as  to 
gressive  in  point  of  difficulty  and  includes  directions  for  tl 
imetric  determination  of  the  more  important  bases  at 
Volumetric  analysis  is  taken  up  in  Sections  V-VIII,  U 
with  the  calibration  of  burettes,  flasks,  etc.  This  could 
siderably  improved  by  calUng  attention  more  prominent! 
nedessity  of  reducing  the  weight  of  water  to  "in  vacu 
giving  the  correction  to  be  applied  for  the  contraction  anc 
sion  of  glass.  The  preparation  of,  and  use  of  normal  i 
are  fully  explained  by  practical  examples.  Section  IX  is 
to  metallurgical  analysis  and  is  the  most  faulty  part  of  tl 
This  is  probably  due  to  the  inferiority  of  the  EngUsh  to  th 
ican  methods  of  metallurgical  analysis.  For  example  in  tl: 
zinc  is  determined  in  its  ore  volumetrically  by  the  use  of 
sulphide  solution,  and  silicon  in  pig  iron  by  evaporatiot 
ness  with  nitric  add,  etc.  The  fire  assay  for  lead,  sil 
gold,  is  condensed ' '  past  all  understanding' '  into  five  page 
tions  X  and  XI  are  very  much  better  and  cover  water,  I 
soap  analysis  and  the  valuation  of  tanning  materialj 
methods  given  for  the  latter  purpose  are  excellent, 
analysis  and  the  determination  of  molecular  weights  are  1 
in  Section  XII,  and  the  concluding  sections  treat  of  du 
analysis.  A  collection  of  tables  and  miscelianeous  matti 
pended.  The  book  is  well  printed  and  fredy  illustrate 
methods  all  through  are  fully  explained  and  the  calcula 
volved  in  the  analyses  are  made  clear  by  examples.  Tl 
absence  of  any  references  to  the  periodical  Literature  of 
fession  and  the  failure  to  give  credit  for  the  toethods,  e 
rare  instances,  do  not  add  to  the  value  of  the  book, 
students  should  be  taught  to  avail  themselves  of  this  w 
information  and  experienced  chemists  usually  wish  to  kn< 
cient  of  the  history  of  their  methods  to  enable  them  to 
the  original  description  and  subsequent  modifications. 

RiCBARD  K.  Ml 
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Hajtofactdrb  ov  Lakr  Picmriits  frou  Artificiai,  CoixtDRS.  Bv 
U4CIS  H.  JSNNisoN,  F.I.C.,  P.C.S.  London:  Scott,  Greenwood  dt 
;  New  York :  D.  Van  Nostrand  Co.  1900.  iii-(-i36pp-  t6pUtea. 
:*.  $3-oo- 

r.  Jennison  has  written  an  interesting  and  useful  book  on  an 
utant  industry  whose  literattu-e  heretofore  has  consisted  of  a 
scattered  chapters  or  an  occasional  paper.     In  the  introduce 

the  author  points  out  the  necessity  of  au  intelligent  com- 
ension  of  the  chemistry,  constitution  and  properties  of  the 
s  and  the  subject  is  treated  consistently  from  this  standpoint. 

sy^ematic  discussion  of  the  industry  furnishes  a  safer 
e  for  the  color-maker  than  empiricism.  The  few  formulas 
a  are  types.     In  the  author's  words,  "  It  is  by  far  the  best 

for  each  color-maker  to  carefully  examine  the  color  and 

se  the  most  rational  way  to  produce  the  best  results, 

Evhat  works  well  in  one  man's  hands  in  a  certain  place  does 

......  work  well  with  another  man  in  another  place. ' ' 

luee  diapters,  I,  II,  and  VII,  are  given  to  a  consideration  of 
utificial  color  molecule,  beginning  with  the  general  principles 
mthetic  chemistry  ;  then  a  description  of  the  most  important 
les  of  the  colors  with  examples ;  finally,  the  auxochromes, 
forming  groups,  absorption  and  the  function  of  tannic  acid 
tartar  emetic  are  considered. 

The  Nature  and  Manipulation  of  Artificial  Colors"  is  the 
ion  of  a  chapter  on  the  forms  of  colors  as  they  a}^>ear  in 
trade  with  certain  recommendations  of  particular  wares  of 
aus  makers. 

chapter  each  is  given  to  the  description  of  lake-formtng 
es  for  acid  and  for  basic  colors,  lake  bases,  red  lakes,  other 
s,  the  insoluble  azo  colors  as  pigments,  the  general  properties 
kes,  washing,  filtering  and  finishing,  matching  and  testing. 

IS  an  attractive  volume  embellished  with  sixteen  plates  bear- 
slips  of  paper  coated  with  lake  pigments.  These  should  have 
I  securely  gummed,  for  being  secured  at  only  one  end  they  are 
ly  disarranged.  Misprints  are  rather  numerous  and  some 
nishing  errors  are  noted :  as,  "  normal  hexane,  CH,CH,CH,- 
-CH." 


iCH„  isohexane,  CH,CH,CHx  .page   5;    "  cinnamic 

x:h, 

/COOH  / 

,  CfifiljC  ,  phenylacrylic  acid,  C,C1,< 

\COOH  \( 


COOH  /COOH" 

.        -        -  -    .,  page 

■COOH  ^COOH 
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12,  and  others.     "Palmatic"  acid,  pages  76  and  54,  seems 
displaced  palmitic.  C.  W.  Farmi 

Glue  and  Glub  Testing.    Bv  Samuel  Rideaj,,  d,Sc.    Londoi 

Greenwood  &  Co. ;  New  York :  D.  Van  Nostrand  Co.     1900.     viii  ■ 

Price,  $4/M 

The  author  aims  to  give  the  more  important  facts  co 
with  the  manufacture  of  glue.  In  Chapter  I  the  constitui 
properties  of  glue  and  allied  substances  are  dealt  with, 
a  topic  which  most  books  ou  this  subject  do  not  go  inti 
great  extent.  The  relations  between  glue  and  gelatine 
cussed  pretty  thoroughly,  and  a  table  of  gelatine-produc 
stances  is  copied  from  Allen.  The  next  chapter  consit 
manufacture  of  glue  from  the  raw  materials.  Starting  v 
stock  it  is  carried  through  the  liming,  washing,  cooking,  ai 
fjdng  process.  The  need  of  careful  liming  and  a  good  si 
water  for  washing  purposes  are  both  emphasized.  Th 
antiseptics  for  prevention  of  putrefaction  is  mentioned 
A  few  different  kinds  of  kettles,  boilers,  and  evaporal 
described  and  illustrated.  Chapter  III,  in  a  few  pages,  si 
various  ways  in  which  glue  is  used  and  the  qualities  ni 
for  the  different  grades.  The  next  thirty  pages  have  to 
gelatine,  giving  its  properties,  tests,  etc.,  and  describing  < 
forms  and  the  various  uses  to  which  they  are  put. 

The  chapter  on  glue  testing  is  somewhat  of  a  disappoi: 
The  title  of  the  book  leads  one  to  expect  considerably  mc 
is  contained  in  the  twenty  odd  pages  given  to  it.  The  fin; 
on  "commercial  aspects"  review  the  glue  trade  in  gene 
deprecate  the  "antiquated  policy  of  exdusiveness, "  c 
that  the  custom  of  keeping  "  trade  secrets"  entirely  in  t: 
retards  improvement,  and  works  to  the  disadvantage  of  t 
iness. 

The  book  on  the  whole,  while  covering  the  ground 
thoroughly,  contains  very  few  original  ideas.  Liberal  qui 
are  made  from  similar  works.  W.  B.  Br 

SEI.ECT  Methods  in  Food  Analysis.   By  Henry  Lkffmann,  A.E 

AND  William  Beam,  A.M.,  M.D.    Philadelphia:  P.  Blakiston 

Co.     1901.    383  pp.    Price,  J1.50. 

This  is  one  of  the  most  concise  and  up-to-date  books 
subject  of  food  analysis  out.  While  it  is  intended  to  be  1 
to  the  needs  of  advanced  students  of  chemistry  as  well 
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ising  analyst,  yet  there  is  nothing  of  the  ordinary  text-book 
about  it.  To  a  large  extent  the  book  is  a  summary  of 
ods  and  data  scattered  through  the  bulletins  of  the  United 
s  AgricKltural  Department,  and  of  the  A.  O.  A.  C,  the  most 
bich  are  now  out  of  print.  The  authors  have  also  drawn 
ly  upon  the  works  of  Allen  and  Mitchell,  and  the  Analyst 
insiderable  of  the  material.  It  is  divided  into  two  main  sec-' 
,  analytic  methods  and  applied  analysis, 
e  first  section  on  analytic  methods  describes  both  physical 
[chemical  operations,  such  as  determination  of  melting-point, 
fie  gravity,  and  methods  for  extraction,  distillation,  etc.,  and 
rates  some  of  the  newer  pieces  of  apparatus  for  the  same.  In 
ibing  methods  of  determining  melting-points  no  mention  is 
:  of  the  acoustical  method  which  is  considered  very  depend- 
by  many  chemists.  Under  nitrogen  determinations  the  Gun- 
method  is  mentioned  as  the  most  satisfactory,  and  nothing 
d  of  the  straight  Kjeldahl  method  which,  for  some  purposes, 
:ferable, 

veral  pages  are  devoted  to  the  study  and  identification  of 
hes  and  flours,  giving  tables  summarizing  the  characteristics 
microscopical  appearances  of  the  different  starches.  In  this 
ection  are  several  plates  in  the  appendix  of  starch  granules 
>duced  from  a  government  bulletin,  the  reproduction  of  which 
le  way  is  poor.  The  examination  of  food  fats  and  oils,  is 
issed  at  some  length  but  is  incomplete  in  some  ways. 
le  matter  in  the  sections  on  milk,  butter,  and  cheese,  is  sim- 
to  the  contents  of  the  author's  excellent  little  book  on 
ilk  and  Milk  Products,"  but  it  has  been  revised  and  made 
!  practical,  and  now  contains  all  the  information  necessary 
he  analysis  of  milk  products. 

lie  last  100  pages  take  up  such  subjects  as  the  examination  of 
coffee,  spices,  extracts,  alcoholic  beverages  and  flesh  foqds. 
liere  is  an  appendix  containing  a  few  tables,  followed  by 
a  of  starch  granules  and  leaves  all  reproduced  from  Bulletin 
U.  S.  Department  of  Agriculture.  The  book  is  bound  the 
e  as  the  latest  edition  of  Allen's  "Commercial  Organic  Anal- 
W.  B.  Brown. 
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Pure  Air,  Ozone  and  Water.    A  practical  treatise  of  their  ntilia 

value  io  oil,  grease,  soap,  paint,  glue,  and  other  industries.    B 

CowEix.     London  :  Scott,  Greenwood  &  Co.;  New  York  :  D.  \ 

trand  Co,     1900.     vii  +  85  pp.     Price,  fj.oo. 

This  is  a  small  volume  of  85  pages,  and  has  to  do  with 

plications  of  pure  air,  ozone,  and  water  in  industrial  works 

author  describes  briefly  the  various  uses  to  which  air,  020 

water  may  be  put  in  technical  works  to  aid  in  mantifa 

processes,  purifications,  etc. 

It  is  a  practical  book  from  the  ordinary  manufacturer'! 
point  and  is  almost  free  from  technicahties,  but  for  the  si 
man  who  is  at  all  familiar  with  the  methods  used  and  pi 
involved  in  technical  industries  there  is  httle  new.  One 
takes  up  the  purification  of  water  and  its  uses  for  boiler  pi 
all  of  which  may  be  found  in  a  dozen  or  more  books. 

There  is  an  appendix  which  contains  considerable  valu 
formation,  giving  tables  of  temperatures,  solubilities,  pr 
of  steam,  and  rules  for  measurements, 
.  The  book  is  well  printed  in  large  type  on  good  paper. 
W.  B,  Br 

Experiments  Arranged  for  Students  in  Gshekai.  Cnaiusi 
Edgar  P,  Suith  and  Harry  P,  Keuar,  Fourth  edition,  1 
88  pp.,  interleaved.  Philadelphia:  P,  Blakiaton's  Son  &  C 
Price,  60  cents. 

The  earlier  editions  of  this  book  are  already  familiar  t 
teachers,  and  have  been  characterized  by  the  good  ju 
shown  in  the  selection  of  experiments  and  the  clearnes 
directions  given  to  the  student.  The  suggestive  question 
experiments  and  the  problems  in  chemical  arithmetic  are 
be  commended. 

This  edition  brings  the  book  more  into  line  with  th 
ideas  in  teaching  chemistry,  by  the  addition  of  quite  a  na 
new  experiments,  but  this  is  not  done  at  the  expense  of  thosi 
iments  which  illustrate  descriptive  chemistry.  Judging  b 
books,  there  seems  to  be  a  tendency  to-day  to  neglect  all  o 
istry  which  cannot  be  treated  quantitatively.  The  authc 
preserved  a  good  balance  in  this  respect,  giving  a  fair  nu 
quantitative  experiments,  such  as  the  determinations 
weight  of  a  liter  of  chlorine,  oxygen,  steam,  nitrogen,  ; 
monia ;  the  volumetric  composition  of  water,  and  of  hydr 
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acid  gas ;  the  equivalent  weight  of  zinc,  and  of  tin ;  the  volu- 
metric analysis  of  caustic  soda,  and  of  iron  ;  and  the  specific  heat 
of  tin. 

In  this  improved  edition,  the  book  is  one  of  the  best  of  the 
many  laboratory  manuals  in  print.  Jas.  Lewis  Howk. 

Iron  Corrosion;  Anti-Fouling  and  Anti-Corrosive  Paints.  By 
Louis  Hdgar  And^.  London :  Scott,  Greenwood  &  Co.  New  York: 
D.  Van  Nostrand  Co.     1900.     viii  -f  275  pp.     Price,  $4.00. 

The  extensive  and  important  use  of  steel  as  structural  mate- 
rial, which  practically  began  about  ten  years  ago,  owing  to  the 
improvements  in  metallurgy  which  lowered  the  price  of  steel 
nntil  its  use  became  economical,  has  made  the  subject  of  this 
book  one  of  great  importance.  Cast  iron  is  not  very  easily  cor- 
;  loded ;  and  moreover  is  used  in  thick  pieces  which  will  stand  con- 
i  sderable  corrosion ;  but  the  opposite  is  the  case  with  steel.  The 
I  last  preceding  book  on  the  subject  was  issued  in  1895,  and  was  of 
:  Httle  value  ;  hence  much  interest  attaches  to  a  new  book.  Like 
other  books  about  other  things  by  this  author,  this  treatise  con- 
tains practically  no  original  matter,  but  gives  the  results  of  some 
of  the  more  important  German  papers  on  the  subject.  The  com- 
parison of  different  passages  will  therefore  give  contradictory 
riews  on  the  same  topic ;  but  in  such  a  work  this  is  inevitable, 
and  is  nothing  against  it.  The  numerous  illustrations  are  of  very 
little  value ;  and  the  whole  treatise,  which  is  a  short  one  (about 
80,000  words),  reads  as  though  the  author  were  rather  short  of 
material  to  fill  the  book.  The  chemical  part  of  the  work  is  of 
more  interest  to  the  general  reader  than  to  the  analyst,  as  is 
proper;  but  references  to  chemical  literature  might  have  been 
added  with  advantage.  A  rather  interesting  chapter  is  given  on 
the  composition  of  patent  and  proprietary  paints,  and  a  few  pages 
of  much  value  on  specifications.  The  book  is  probably  the  best 
one  on  the  subject,  to  date,  but  it  is  fragmentary,  does  not  give 
recent  English  or  American  work  on  the  subject,  and  leaves  one 
with  the  impression  that  there  is  still  room  for  a  more  elaborate 
treatise  on  the  protection  of  structural  metal.       A.  H.  Sabin. 

T&AiT^  DB  hA  Fabrication  dbs  Liqueurs  bt  db  i«a  Distii<i.ation  dbs 
AijCooi<s.  Par  P.  Dufi^ais  Ain^.  S^ptieme  Edition,  enti^rement  re- 
fondae  par  Marcel  Arpin  et  Ernest  Portier,  en  deux  tomes.  Paris :  Gau- 
thier-Villars,  Qnai  des  Grands — Augustins,  55.  1900.  12 19  pp.  Price, 
18  francs. 

This  well-known  work  of  Duplais,  of  which  the  earlier  edition 
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was  translated  and  appeared  in  an  American  issue,  ha 
been  brought  out  in  a  seventh  edition,  which  the  presc 
say  has  been  thoroughly  revised  and  in  part  rewritten, 
plies,  as  the  preface  tells  us,  particulariy  to  the  first  vo 
treating  of  the  alcohols,  their  preparation  and  tecbnoli 
the  second  volume  upon  the  liqueurs  and  alcohol  contai: 
ucts  has  not  been  so  notably  changed. 

Duplais'  work,  as  indicated  by  the  full  title  givec 
mainly  concerned  with  the  maoufacture  of  alcoholic  pn 
this  part  of  the  work  (Vol.  II)  will  no  doubt  be  conside 
entitled  to  the  character  loug  possessed  by  it,  of  being ; 
authority  upon  the  making  of  liqueurs  and  similar  proi 

The  whole  art  of  compounding  these  alcohol- contai 
nets  is  explained  and  illustrated,  the  preparation  of  arc 
tilled  waters,  of  tinctures  and  infusions,  and  of  the  nat 
volatile  oils  which  are  used  and  the  means  of  recogn 
purity  are  covered,  as  is  also  the  preparation  of  the  suga 
and  colors  used.  The  manufacture  of  conserved  fruits 
tious  wines  is  also  fully  described  and  a  chapter  is  devi 
manufacture  of  carbonated  waters  and  effervescing  al< 
uids  of  artificial  origin. 

An  alphabetically  arranged  account  of  the  principal 
drugs  employed  by  the  liqueur  manufacturer  is  given, 
together  in  convenient  form  quite  an  amount  of  informa 
to  the  manufacturer. 

Vol.  I,  devoted  to  the  alcohols  and  covering  the  q 
fermentation  and  treatment  of  the  products  therefron 
the  same  relative  value.  In  this  field  there  are  a  numb 
works,  both  special  and  of  general  character  that  are  mo 
tory.  Thus,  while  this  new  edition  of  Duplais'  notes 
work  on  pure  yeast  cultures,  it  does  not  discuss  the  brc 
tion  of  the  part  which  soluble  ferments  play  in  the  di 
dustries.  Works  like  "  Les  enzymes  et  leur  applicati< 
Effront,  published  in  1898,  "Soluble  Ferments  and 
tion,"  by  J.  Reynolds  Green,  published  in  1899,  and  tl 
edition  of  Effront's  work  by  M.  Biicheler,  published  ii 
much  more  valuable  for  this  purpose.  Fuller  discus: 
methods  of  alcohol  rectification  and  purification  are  alj 
Barbel's  "  Manuel  des  Fabricants  d'  Alcools,"  Paris,  1 

In  its  present  form,  Duplais'  work  will,  however,  be  1 


interested  in  the  liqueur  manufacture  and  continue  its  repu 
1  as  a  standard  authority.  Sahdbi,  P.  Sadtur. 

xvAi  OF  Laboratory  Physics.    By  H.  M.  Tory  and  F.  H.  Fitckei 

V  York  ;  John  Wiley  &  Sons.     1901.    8vo.    ix  +  188  pp.    Price,  $3.01 

is  little  manual  embodies  in  book  form  the  directions  forth 

rmance  of  the  various  experiments  given  in  the  course  ii 

intary  physics  at  McGill  University,  Montreal. 

.e   arrangement   and   presentation  of  the  subject-matter  i 

sal  and  somewhat  novel,  and  is,  as  stated  in  the  preface 

:  outgrowth  of  experience  in  teaching  lai^e  classes  with  : 

sd  number  of  instructors. ' ' 

:platiations  and  directions   for  84  experiments  are  given 

e  are  distributed  as  follows  ;  Sound,  10  ;  Light,  21  ;  Heat 

[agnetism,  9;  Electricity,  35. 

le  directions  for  each  experiment  are  divided  into  a  numbe 

:tions:  i.  "References"  for  collateral  reading;  2.  "Apparatu 

lired;"  3.   "Theory  of  Experiment ;"  4.   "  Practical  Direc 

;"  5.  "Example"  illustrating  the  data  and  results  to  b 
ned  ;  and  lastly  there  is  given  a  blank  which  is  to  be  fillet 
)y  the  student  after  the  completion  of  the  experimental  work 
le  directions  are  brief  and  terse,  yet  quite  to  the  point.  It  i 
mt  that  there  has  been  a  studied  effort  on  the  part  of  th< 
ars  to  give  just  what  is  absolutely  essential,  and  to  do  thi 

few  words  as  possible. 
;  in  all  manuals  of  a  similar  nature  there  is  the  unavoidable 

flavor  as  to  apparatus  and  methods.     It  must  be  said,  how 

that  the  authors  have  apparently  succeeded  admirably  in  re 
ig  this  to  a  minimum  and  have  so  presented  their  subjec 

the  book  can  be  used  as  a  manual  in  any  properly  equippei 

tution. 

ewed  from  the  standpoint  of  the  physicist,    the  experiment 

oubtless  well  selected  and  described  ;  but  from  the  chemist'. 

;  of  view,  it  is  to  be  regretted  that  the  authors  have  omitte< 

riments  which,  it  would  seem,  should  be  given  to  every  stu 

intending  to  follow  Up  the  natural  sciences,  as,  for  example 
riments  dealing  with  polarized  light,  etc. 
le  manual  is  up  to  the  usual  excellence  of  the  publishers 
laper  being  heavy,  of  good  quality,  and  the  impression  nea 
dear.  B.  h.  c. 
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PuBuc  Watbr  Supplies,  Rbquirsuents,  Rksourcks,  and  thi 
STROCTIOK  OF  WORKS :  By  F.  E.  Turnkaoee,  C.E.,  AND  H.  : 
SELL,  Ph.D.,  Professors  in  the  University  of  Wisconsin.  New 
John  Wiley  and  Sons.     1901.    xiv  +  746  pp.    Price,  I5.00 

The  preface  states  that  the  volume  is  prepared  with  par 
reference  to  the  needs  of  teachers  aod  students  of  te« 
schools ;  and  that  the  specialist  need  look  for  little  that  i 
although  it  is  hoped  that  the  form  in  which  a  large  am< 
widely  scattered  information  has  been  presented  will  prove 
venience  to  him. 

An  examination  of  the  book  shows  it  to  be  by  far  th 
complete  treatment  of  the  subject  which  has  yet  appear 
sembling  in  many  respects  the  elaborate  German  haw 
rather  than  the  earlier  American  text-books  on  the  s 
Following  German  precedent  is  particularly  commendable 
very  complete  and  up-to-date  bibliography  at  the  end  1 
chapter. 

The  study  of  public  water  supplies  involves  not  only  ci 
gineering  and  biology,  but  chemistry,  mechanical  engiO' 
and  in  fact  nearly  all  the  arts  and  sciences.  The  trealt 
the  subject  by  the  authors  has  been  facilitated  because  th< 
resent  respectively  the  two  most  important  divisions  of  tt 
ject,  namely,  civil  engineering  and  biology  ;  and  as  a  resu 
the  engineering  and  the  hygienic  sides  of  the  subject  h 
ceived  ample  consideration  at  every  point,  while  the  cha[ 
pumping  machinery,  which  gives  a  comprehensive  idea 
elementary  principles  involved,  was  prepared  by  a  speciali; 
D.  W.  Mead,  of  Chicago. 

Without  attempting  to  take  up  the  endless  details  whi< 
stitute  so  large  a  part  of  water  supply  engineering,  but 
for  the  most  part,  can  only  be  learned  by  actual  practi 
authors  have  stated  briefly  the  principles  of  the  art,  an 
usually  given  at  least  an  idea  of  the  basis  upon  which  eacl 
The  completeness  with  which  even  the  most  recent  investij 
and  publications  have  been  noted  and  used  in  the  preparatioi 
work  is  an  evidence  both  of  the  industry  and  thoroughness 
authors,  and  of  the  rapidity  with  which  the  publishers  ha 
the  volume  through  the  press. 

A  work  of  this  character  is  necessarily  based  largely  up 
viously  published  records,  and  in  using  such  records  the  i 
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liformly  given  credit  to  the  original  authors,  which  is  at 
nple  justice  to  them,  and  a.  convenience  to  the  student 
ihes  to  know  the  sources  of  the  various  data  given.  In  a 
»  translations  or  abstracts  have  been  referred  to  as  if  they 
iginal  •  articles ;  but  this  slight  failing  only  emphasizes 
eral  excellence  of  the  work.  The  book  is  well  printed 
ily  illustrated  throughout. 

Allen  Hazbn. 
[ERAi,  Inddstry  :  Its  Statistics,  Tbchnology  and  Trade  in 
MiTED  States  and  Other  Countries,  to  the  End  of  1900. 
ED  AND  Edited  by  Richard  P.  Rotbweu.  and  Completed  by 
[  STBiriHSRS,  Ph.D.  Vol.  IX.  New  York  and  Loadon :  TheSd- 
Publishing  Company.  xkx-|-918  pp.  Price,  J5.00. 
is  the  ninth  annual  volume  of  a  series  begun  in  1893  and 
y  Mr.  Rothwell,  who  died  on  April  17,  1901.  The  series 
tained  information  of  great  interest  and  value  to  the  met- 
t.  The  present  volume  seems  to  maintain  the  high  stand- 
excellence  reached  by  those  preceding  it.  Among  the 
irticles  contained  in  this  volume,  aside  from  the  progress 
are  those  on  "The  Emery  Deposits  of  West  Chester 
N.  Y.,"  by  E.  C.  Eckel ;  "  Production  of  Bromine  in 
in,"  by  A.  C.  Lane  ;  "Calcium  Carbide  and  Acetylene," 
;.  Bohm ;  "Clay  and  its  Manufacture  into  Brick  and  Tile," 
lies  ;  "The  Manufacture  of  Water-gas,  with  Special  Ref- 
o  European  Conditions,"  by  G.  Lunge;  "The  Utiliza- 
Blast-fumace  Gases  for  the  Direct  Production  of  Motive 
'  by  G.  Lgune ;  The  Utilization  of  Lignite  in  Germany," 
irusch  ;  "The Raritan  Copper  Works,"  by  L.  Addicks  ; 
mdiferous  Deposits  in  the  United  States."  by  W.  H. 
"A  Report  on  Iron  and  Steel  Metallurgy  attheParisEx- 
,"  by  H.  M.  Howe  ;  "Alloys  of  Iron,"  by  H.  Souther  ; 
lanufacture  of  White  Lead,"  by  P.  C.  Mcllhaney  ;  "A 
of  the  Tin  Industry  of  the  Malay  Peninsula,"  by  F.Owen, 
ig  the  year  the  industry  increased  in  value  $147,393,946. 
g  the  sum  of  $1,365,608,583,  The  total  production  of 
:  in  the  United  States  was  25,917,393  long  tons,  of  pig 
,,789,242  long  ton=,  and  of  steel  10,218,572  long  tons, 
presents  about  one-third  of  the  world's  production.  The 
sduct  in  1900  was  52,131,212  metric  tons  antracite  and 
,216  metric  tons  bituminous,  a  total  of  243,414,163  (in- 
cannel  coal),  and  an  increase  of  14,696,584  tons  over  the 
T  1899.  The  total  excess  of  exports  over  imports  was 
5,000,000  tons,  an  increase  of  about  1,750,00c  tons  over 
Our  coal  forms  now  about  one-third  of  the  world's  pro- 
copper  product  in  1900  was  600,832,505  lbs,,  an  increase 
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of  20,000,000  pounds.  This  is  more  than  half  the  woi 
uct.  Of  lead  we  produced  41 1,568  short  tons,  and  of  rii 
short  tons. 

Nearly  all  our  potassium  chlorate,  about  6,000,000  i 
annum,  is  now  manufactured  at  home  by  electrolytic 
We  are  the  largest  producers  of  salt  (in  1900  20,738,7 
of  280  pounds),  of  gold  (3,781,310  ounces),  of  silver  (, 
ounces) ,  of  phosphate  rock  ( i  ,663,476  net  tons) ,  and  s 
to  Russia  in  petroleum  output. 

This  year  has  witnessed  a  great  increase  in  the  cem 
try  (7,991,639  barrels  of  Portland  cement).  Of  the  Pi 
ment  three-quarters  is  produced  in  the  states  of  Pennsy 
New  Jersey.  The  opinion  is  expressed  that  the  che 
ducing  territory  is  likely  to  be  found  in  the  Lehigh  Va 
the  industry  has  already  had  enormous  development. 

It  is  quite  impossible  in  the  space  available  to  give  ai 
idea  of  the  vast  amount  of  data  of  all  sorts  contained  ii 
nificent  report  of  progress. 
An    Elbmentary   Treatise    on    Qualitative   Chkmical 

Bv  J.    F.   Shi,i,ERS,  A.m.,  Professor   of  Chemistry,   Mercer 

Georgia.     Boston  :  Ginn  &  Co.     1900.     ix  -|-  160  pp. 

Within  the  compass  of  137  pages,  the  author  seeks 
"a  course  both  practical  and  progressive  *  *  *  sel 
the  most  recent  and  approved  methods  *  *  *  fret 
mechanical  schemes  in  qualitative  analysis  *  *  * 
formable  to  the  modem  dissociation  theory  of  soli 
giving  *  *  +  more  than  ordinary  emphasis  to  tl 
scope." 

The  reviewer  has  read  the  various  chapters  with  grei 
The  impression  made  is  that  almost  too  much  has  been  i 
and  that  comparatively  few  of  the  students,  who  may  ; 
course  from  beginning  to  end,  as  it  is  presented,  w< 
become  "practical  analysts"  or  be  thoroughly  prep 
advanced  university  work."  From  the  reviewer's  ex] 
attain  to  either  of  these  states,  would  require  a  decid 
exhaustive  and  thorough  drill  than  seems  to  be  intern 
author.  It  is  hardly  likely,  for  example,  that  a  be 
carrying  out  the  instructions  for  the  decomposition  of  a 
silicate  by  the  J.  Lawrence  Smith  method,  as  descrilx 
i33i  would  meet  with  much  success,  because  of  a  lack 
directions  as  to  how  he  should  proceed.  Other  a 
instances  of  incomplete  descriptions  of  analytical  mel 
but  they  need  not  be  pointed  out,  as  the  teadier  and  si 
of  course  discover  them  for  themselves.  It  only  rem: 
that  the  book  is  well  written  and  will  doubtless  be  aci 
those  who  do  not  lay  great  stress  upon  drill  in  analysis 
Edgar  F, 
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INTRODUCTION. 

work  reported  in  the  following  pages  has  been  carried 
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ut  during  the  years  1897  to  1900,  the  first  part  with  l 
ration  of  Dr.  Weintraub,  the  second  with  that  of  Dr.  Be' 
lie  description  which  I  shall  give  of  these  researches,  I 
dhere  to  their  chronological  sequence,  but  group  them 
)gical  order,  the  later  researches  being  sometimes  only  i 
iry  or  supplementary  to  some  carried  out  at  a  previoi 
nd  sometimes  modifying  the  conclusions  previously  ai 
'his  present  report  consequently  affords  a  clearer  pictu 
Itimate  results  of  our  work  than  the  separate  Genuan 
ions,  and  embodies  also  a  few  facts  that  later  came  to  n 
sige. 

The  object  of  this  investigation  was  to  study  the  conditic 
;hich  nitrocelluloses  of  various  composition  and  variou 
ies  can  be  regularly  and  with  certainty  prepared,  and  tb 
oth  the  composition  and  the  properties  of  the  products 
nder  varying  circumstances  with  greater  accuracy  than 
one  up  to  that  time,  as  witnessed  by  the  considerable  d 
ies  among  the  statements  of  different  authors. 

My  ultimate  object  was  to  try  whether  the  technology 
elluloses  could  not  be  advanced  somewhat  more  beyond 
ical  researches  of  Sir  Frederick  Abel  than  had  been  doi 
arious  publications  of  subsequent  authors,  meritorious 
re,  especially  as  their  opinions  differ  in  important  mat 
undry  points  of  great  moment  had  not  beeu  at  all  eluci 

It  is  hardly  necessary  to  say  that  I  cannot  pretend  to 
he  unique  work  of  Abel,  if  for  no  other  reason,  because 
f  my  cooperators  and  myself  was  confined  to  the  resoi 
?ell  equipped  laboratory,  whereas  he  had  an  opportunity 
is  results  on  a  large  scale,  and  thereby,  as  all  the  worl 
lid  the  foundation  of  the  present  industry  of  guncotton 
:  necessary  to  say  that  very  possibly  similar  work  to  tl 
le  have  carried  out  at  Zurich  may  have  been  done  in  th 
f  factory  laboratories,  and  the  result  applied  to  practice, 
ecret  work,  if  such  has  been  done,  I  have  absolutely  i 
dge,  nor  is  it  the  property  of  the  industrial  world  in  gei 
he  science  of  technology  is  thereby  no  more  benefited 
he  interests  of  other  manufacturers  than  those  for  wh( 
eea  specially  undertaken.     I  make  this  remark  in  vit 

I  Compare  the  Conner  vitb  :  Zttclir.  angea/.  Citm.,  1S99,  pp.  441  ind  467 ;  U 
Hint  of  pnblication  in  the  Mine  Ziilschri/i. 
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ity  that  after  my  publication  somebody  may  say  that 
that  part  of  my  results  has  been  already  known  to 
iuch  private  information  should  not  debar  others  from  pur- 
lie  path  of  knowledge  in  the  general  interest  of  science  and 
y.  But  I  am  not  aware  of  any  such  work  having  been 
ivately  on  the  same  lines  as  ours,  and  I  can  only  deal  with 
to  be  found  in  literature. 

:;bnbrai.  remarks  on  the  methods  employed  for 

nitrating  celldlose. 
material  employed  throughout  the  work  (except  for  the 

purpose  described  in  Section  III,  /),  was  the  so-called 
ically  pure  surgical  cottonwool."  In  order  to  remove  the 
ces  of  fat,  it  was  boiled  for  some  time  in  a  weak  solution 
am  carbonate,  well  washed  with  water  and  extracted  with 
and  ether.  The  percentage  of  ash  found  ^0.06  per 
n  the  average  of  several  estimations.  Immediately  before 
in  the  cotton  wool  was  dried  at  100"  till  the  weight  was 

constant,  allowed  to  cool  in  the  desiccator,  and  at  once 
in  the  nitrating  vessel. 

acid  mixtures  were  made  from  weighed  quantities  of 
lically  pure  "  sulphuric  acid  (sp.  gr.  1.84)  and  fuming  ni- 
d  (sp.  gr.  1.52).  The  former  as  used  for  the  first  part  of 
)rk  showed  an  analysis  of  95.62  per  cent,  H,SO„  the  latter 
5er  cent.  HNO,,  and  from  i  to  2  per  cent,  lower  oxides 
were  removed  in  the  ordinary  way.  For  the  second  part 
work,  where  more  particular  attention  was  paid  to  the  ex- 
centage  of  water  present,  the  mixture  was  always  analyzed 
Mmplete,  and  its  exact  composition  is  stated  in  the  respec- 
ctions. 

carrying  out  the  nitrations  the  apparatus  shown  in  Fig.  i 
iployed.  A  stout  cylindrical  jar,  ,4,  was  closed  by  means  of 
:ly  ground-in  glass  cover,  B,  provided  in  the  center  with  a 
unnel,  C,  and  on  one  side  with  a  tube,  D,  bent  at  a  right  an- 
d  closed  by  a  glass  tap,  both  of  them  sealed  to  the  glass 
B.  The  latter  was  further  perforated  for  admitting  a  ther- 
ler,  E,  which  was  fixed  perfectly  tight  by  means  of  asbestos 
)dium  silicate  solution. 

:  cellulose  was  placed  in  the  jar,  the  cover  put  on,  and  the 
lixture  poured  into  the  drop-funnel.     The  lateral  tube  was 
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connected  with  a  good  Bunseh  pump,  and  nearly  all  the  air 
.  removed  from  the  jai 
f  cotton  wool.     Now. 
nection  with  the  Bun: 
was  shut  off,   and 
slowly  run  in  from  t 
fminel.      For  nitra 
higher  than  the  ordit 
peratures  the    add 
was  heated  a  lit^t1(>  n 
dedred  tempera 
the  drop-fum 
cooling  down 
point,  run  on  tb 
temperature  wi 
was  regulated  1 
a  large    water- 
times,  in  the  ca) 
taking  a  long  ti 
on  over  night ' 
ature   obserrat 
possible,  the  d 
ratus  was  repl 
nary  wide-mou' 
w«-  '■  ground-in  stopj 

Wheu  the  action  of  the  acid  had  lasted  sufficien 
separated  from  the  nitrocellulose  first  by  decantatio 
by  the  action  of  the  vacuum  pump,  employing  a  pi 
with  porcelain  sieve.     The  mass  was  placed  in  cold  v 
quickly  moved  about  in  order  to  avoid  any  considerab 
temperature.     The  washing  was  performed  first  with  c 
with  hot,  water,  and  before  each  renewal  of  the  water 
cellulose  was  again  freed  from  liquid  by  means  of  the 
funnel. 

The  washing  requires  various  lengths  of  time,  aceordi 
physical  structure  of  the  nitrocelluloses, — usually  two 
days.  Later  on  we  shall  describe  the  washing  processes  i 
in  special  cases. 

The  mode  of  operation  just  described  could  he  emplo 
in  those  cases  where  the  nitrocellulose  retained  a  structu. 


•<   ^ 


«   • 


•  f 


t 


1- 


•     ,* 


•A 


I 


t.   r 


r» 


•  • 


• 


•  ••- 


.'     .         *        •' 


;>. 


•     4 


■9 


"        .  ^ 


RBSSARCHBS  ON  NITRi 

lat  of  the  cotton  fiber.     When  en 
ag  a  large  excess  of  sulphuric 
'ed ;  this  product  consists  of  s)i< 
d.     In  this  case,  after  the  nitrati 
e  was  poured  into  an  excess  of 
igh  a  porcelain  funnel  whose  si« 
I  or  filter-paper.     The  nitrocel- 
e  was  then  washed  by  decanta- 
in  a  large  Erlenmeyer  flask, 
ter  washing,  the  nitrocellulose 
dried  either  in  a  vacuum-desic- 
'  protected  against  light  or  else 

special  apparatus  shown  in 
,  2  and  3,  by  means  of  a  current 
y  air  at  a  temperature  of  40°  in 
arlier,  or  from  30°  to  32°  in  the 

experiments,  (the  latter  tern- 
:ure  having  been  found  to  be 
dently  high).  For  this  purpose 
prodnct  was  placed  in  a  cylin- 
I  glass  vessel,  A,  contracted  at 
tottom  into  a  tube  a,  bent  at  a 
;  angle.  Just  above  the  con- 
-ation  a  porcelain  sieve,  6,  is 
id,  on  which  the  nitrocellulose 
The  top  is  closed  by  a 
nd-in  glass  cover,  c,  with  a  lat- 
tube,  rf,  and  a  hole  in  the  cen- 
Eor  a  thermometer  reaching  e 
a  to  the  substance.  Usually 
sets  of  apparatus  were  em- 
ed  at  the  same  time  by  connect- 
the  inlets  a  with  a  T-tube  sup- 
I  with  air  dried  by  calcium 
ride  and  sulphuric  acid.  Both 
els,  .^ ,  were  placed  in  an  asbestos 
B,  whose  bottom  was  heated  by 
ry  small  gas-jet.  The  four  sides 
xe  of  asbestos  cardboard,  cut  hs 

round  to  form  a  square  tube,  th< 
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means  of  iron  wire  clamps  and  strengthening  all  the  joii 
asbestos  paper  soaked  in  water-glass  solution.  The  cove 
made  of  asbestos,  is  movable  and  is  perforated  for  the  pe 
the  thermometer  e.  Tube  A  is  suspended  by  means  < 
glass  lugs  on  the  edges  i  h.  One  of  the  sides  of  the  be 
two  openings  near  the  bottom  for  the  air-supptj'  pip 
another  side  has  openings  for  the  air-escape  pipes  d  near 
half  way  up,  at  the  level  of  the  nitrocellulose,  there  ( 
glass  windows  f  g,  opposite  each  other  which  allow  of  o 
the  process.  The  box  is  placed  on  an  asbestos  plate, 
means  of  a  small  gas-jet  the  temperature  can  be  kept  coi 
0.5°  or  at  most  1°  during  several  hours,  while  air,  w] 
passed  through  calcium  chloride  and  sulphuric  add,  is  ] 
at  a  and  passes  out  at  d. 

This  asbestos  oven,  which  it  takes  about  an  hour  to  ci 
has  done  us  excellent  service.  It  admits  of  drying  the  ni 
lose  in  a  current  of  dry  air  at  the  desired  temperature 
attained  within  the  asbestos  box  in  contact  with  the  glai 
On  the  large  scale,  of  course,  the  air  would  be  previous! 
to  the  requisite  point ;  but  this  is  very  di£5cult  to  attain 
degree  of  accuracy  in  a  laboratory  apparatus  and  is  quit 
essary,  when  using  the  arrangement  described. 

The  exit  tube  d  is  connected  with  a  flask  containing  a 
ted  sulphuric  add,  in  order  to  retain  any  nitrous  vapon 
from  the  nitrocellulose  during  the  drying  process. 

This  apparatus  effects  a  very  great  saving  of  time  as  c 
with  drying  in  the  desiccator.  Nitrocellulose  carefully  fr 
water  by  pressing  requires  seven  or  eight  days'  drying  va 
iccator,  but  only  twelve  to  fifteen  hours  in  the  asbestos  ow 
tain  constancy  of  weight.  Check  tests  made  of  the  same  ; 
nitrocellulose  with  both  modes  of  drying  never  showed  ar 
ciable  difference  in  the  nitrogen  percentage.  A  very  si 
of  nitrous  vapors,  however,  does  take  place,  althoug 
predable  by  the  most  careful  analysis  of  the  product,  for 
phuric  add  through  which  the  exit  air  was  passed  usi 
stroyed  two  or  three  drops  of  dednormal  permanganate, 
fore  in  more  important  cases  the  slower,  but  absolutely 
method  of  drying  in  the  desiccator  was  preferred. 
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II.   ANALYTICAL  UBTHODS. 

Tke  Estimations  of  Nitrogen  were  always  performed  in  my 
nown  gas  volumeter  (five-part  nitrometer).  The  nitro- 
)se  was  dissolved  in  concentrated  sulphuric  add  in  the 
1  of  the  agiuting- vessel,  provided  with  a  rubber  stopper  and 
neck  tube ;   only  the  short  fiber   products  which   cannot 

be  put  into  the  funnel  without  loss  by  dusting  were  dis- 

in  a  stoppered  weighing-bottle.  Usually  the  solution  was 
d  in  from  half  an  hour  to  an  hour ;  exceptionally  the  close 
<i  oi  a.  product  caused  it  to  be  very  slowly  penetrated  by  the 
in  which  case  the  operation  lasts  up  to  twenty-four  hours. 
»ult5  are  exceedingly  accurate  ;  the  difference  among  va- 
estimations  is  rarely  more  tfaano.i  to  0.2  cc.  NO  per  i 

which  means  about  o.oi  per  cent,  nitrogen.' 
Hams'  asserts  that,  if  the  nitrometer  funnel  is  rinsed  first 
oncentrated  and  afterwards  with  slightly  diluted  acid,  the 
>  are  0.2  per  cent,  higher  than  when  using  concentrated 
ilone,  owing  to  the  rise  of  temperature  produced  in  the 
r  case,  which  is  necessary  for  completing  the  decomposition, 
assertion  is  not  correct,  as  was  shown  by  very  careful  esti- 
is,  in  which  the  same  sample  was  tested  ( i )  by-rinsing  with 
itrated  acid  only  and  (  3  )  by  employing  dilute  acid  at  the  end  : 

Nitrogen.        Kitrosen. 
Per  cent.         Per  cent. 

(I) 13.30  13.38 

(3) ■ «3-»7  i3-»9 

tested  also  Chenel's  method,' which  is  a  modification  of 
ihl's  method.  The  results  were  satisfactory,  but  this 
d  is  far  more  troublesome  and  lengthy  than  the  nitrometer 
d,  so  there  is  absolutely  no  reason  for  preferring  it  to  the 
which  is  at  least  equally  accurate, 

:  English  and  German  way  of  stating  the  results  is  to  quote 
srcentage  of  nitrogen  ;  in  France  the  results  are  stated  as 
umber  of  cubic  centimeters  NO  (reduced  to  0°  C.  and  760 
Dressure)  evolved  by  i  gram  of  the  substance. 
15.95  cc.  NO=  I  per  cent.  N  ; 
1  cc,  NO  =  0.0627  per  co^-  N. 

e  difference  between  the  atomic  weight*  ordinarily  used  In  calculationi  (O  —  16, 

C  =  ij,  H-i),  «iidthe  ei»et  nloinie  weights  (0=  16,  N- 14.04,  C  =  u,  H  =  1,008) 


G.   LUNGB. 


To  facilitate  compariaons  I  append  the  following  t 
lated  with  the  exact  atomic  weights  accepted  by  tl 
Chemical  Society. 


Derree*  of  nltntton. 

PonnuU. 

Per  cm 

DodecaDitrocellntoee 

(=old  trinitroccUutose) 

C„H,0„(NO,)„ 

14.16 

C„H„0„(NO,)„ 

1350 

Decan  itrocellulose 

C„H„0,(NO,)„ 

13.78 

C„H„0„(NO,), 

11.98 

Octonitrocellnlose 

C„H„0,(N0,1. 

II. 13 

C,H„0„(NO,), 

iai9 

C.H«0„(NO,). 

9.17 

Pentan  itrocelln  loK 

C.H„0„{NO,), 

8.04 

Tetran  itrocell  ulose 

6.77 

In  the  original  papers  the  results  are  generally  stat 
centimeters  NO,  but  as  this  is  less  familiar  to  Angl 
readers,  I  have  translated  them  all  into  nitrogen  perce 

In  the  first  series  of  experiments  (of  which  there  \ 
hundreds  performed)  thejnelds  were  regularly  determ 
on  this  was'  only  occasionally  done,  as  this  repetition 
necessary, 

B.  Wherever  the  solubility  in  ether-alcohol  had  to  be  i 
one  of  the  two  following  methods  was  followed  :  W 
few  per  cent,  of  soluble  matter  is  present,  this  can  b 
by  ether-alcohol,  and  the  insoluble  residue  dried  an 
This  process  does  not  answer  where  there  is  much  sol 
present,  because  in  this  case  the  solution  is  too  vis( 
difficult  to  filter  and  the  residue  too  gelatinous  for  pi 
ing.  In  these  cases  the  English  method  was  employee 
the  substance  in  a  stoppered  cylinder  with  a  certain 
ether-alcohol,  allowing  to  settle,  withdrawing  a  por 
clear  supernatant  liquid  by  means  of  a  pipette,  evap 
drying  at  50°  till  the  weight  is  constant.  By  this 
soluble  nitrocellulose  is  converted  into  a  tough  coc 
which  it  is  very  diflScult  to  entirely  free  from  the  solv 
the  results  are  too  high;  in  the  case  of  perfectly  so 
cellulose  usually  102  or  103  per  cent,  was  found.  Be 
were  obtained  by  precipitating  the'  nitrocellulose  fro 
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in  a  flocculent  form  by  careful  addition  of  water  before 
oration,  with  constant  stirring,  until  a  permanent  turbidity 
produced. 

le  solvent  usually  employed  was  a  mixture  of  three  parts 
r  (sp.  gr.  0.73)  and  one  part  alcohol  (sp.  gr.  0.81),  but  we 
I  see  in  Section  III,  G,  that  the  same  results  are  obtained  by 
y  other  proportions  of  these  ingredients. 

The  Analysis  of  the  Acid  Mixtures  was  performed  according 
be  methods  described  in  my  ' '  Taschenbuch  ftir  Sodafabrika- 
'  3rd  edition,  p.  249.  (This  isa  somewhat  enlarged  and  im- 
ed  form  of  the  methods  given  in  Lunge  and  Hurler's  "Alkali- 
er's  Handbook,"  and  edition,  p.  155,) 

,  Examination  of  the  Nitrated  Celluloses  under  Ike  Polarization 
oscope. — The  statements  found  in  literature  on  the  behavior 
litrocelluloses  in  polarized  light  show  great  discrepancies. 
[uspratt-Stohmann's  Chemistry  (1869)  it  is  stated  that  gun- 
m,  when  observed  under  the  microscope  in  polarized  light, 
bits  no,  or  almost  no,  color,  whereas  cotton  fiber  shows  bright 
beautifully  variegated  colors.  Morton  Liebschiitz  {Moniteur 
itifique,  1891,  p.  119)  says  that  the  compound  which  he  calls 
(nitrocellulose  (our  dodecanitrocellulose)  can  be  recc^^nized 
IS  greater  brilliancy  and  slate-gray  color ;  penta-  (our  deca-) 
>cellulose  by  its  blue  color;  tetra-  (our  octo-)  nitrocellulose 
Is  yellow  color.  Guttmann'  says:  '*  If  examined  under  the 
oscope  with  polarized  light,  ordinary  cotton  is  colorless  while 
x>tton  exhibits  colors."  This  is  a  clerical  error,  as  stated 
[guttmann  in  his  contribution  to  my  "  Chemisch-technische 
;rsuchungsmethoden,"  Vol.  II,  p.  477.  Chardonnet' makes  the 
iwing  statement :  Up  to  6.9  per  cent,  nitrogen  the  nitration  can 
ecognized  only  by  a  few  large,  shrunk-up  fibers ;  from  6.9  to 
per  cent,  nitrogen  there  are  more  such  fibers,  and  a  few  rain- 
-colored  ones  ;  from  9.15  per  cent,  on  the  fibers  turn  more 
ily  gray  ;  from  10.0  to  11.28  percent,  they  turn  straw-colored 
range  ;  above  11.28  per  cent,  nitrogen  the  fibers  appear  first 
rless,  afterwards  purple,  dark  blue,  and  light  blue,  the  last 
r  becoming  prevalent  as  the  nitrogen  increases.  When  all 
rs  are  equally  light  blue,  the  action  is  finished. 
he  continued  observation  of  our  products,  along  with  their 

"HtDnfactun  of  Eiplodvei, "  Vol,  II.  p.  59. 

iaonUog  lo  Wyw-Naet :  ZItchr.  angtw.  (Jum..  1899,  p.  31. 
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careful  analysis,  has  led  to  the  following  conclusions 
believe  to  be  quite  correct.  The  most  highly  nitrated 
show  in  polarized  light  a  blue  color.  These  produc 
nitrogen  percentage  varies  between  13,9  and  13.0,  cann 
tinguished  from  each  other  by  polarization.  As  the  niti 
centage  rises,  the  blue  color  becomes  less  intense,  but 
never  turns  slate-gray  or  colorless.  Certainly  some  g 
can  be  observed  here  and  there,  but  not  in  proportion  1 
crease  of  nitrogen .  On  the  contrary,  the  highest  degreei 
tioD  (13.9  percent,  nitrogen)  appeared  almost  purely  bh 
products  of  only  13.0  most  fibers  were  gray,  althoi 
was  always  a  mixture  of  both  present,  and  it  was  obse 
on  turning  the  object  table,  gray  fibers  fiashed  up  in  a  I 
and  vice  versa,  that  is  to  say,  the  blue  color  appears  in 
position,  and  the  gray  color  in  another. 

The  purple  transition  shade  mentioned  by  Chardon 
not  be  observed.  From  12.4  per  cent,  downwards  m 
showed  a  gray  luster  which,  when  keeping  off  the 
mostly  turns  faint  yellow,  but  sometimes  remains  uu 
This  goes  down  to  10.66  per  cent. ;  below  10  per  cent,  nit 
structure  was  always  partly  destroyed  and  no  certain  obs 
could  be  made.  But  when  we  come  to  unchanged  cell 
find  this  decidedly  and  strongly  flashing  up  yellow  t< 
and  here  and  there  with  rainbow  colors.  As  the  effects 
ization  are  produced  not  merely  by  the  chemical  compos: 
also  by  the  physical  structure  of  the  fibers,  it  is  out  of 
to  make  such  sharp  distinctions  as  stated  by  some  of  the 
observers.  All  we  can  say  is,  we  can  wilk  certainly  di 
firstly,  any  unchanged  cellulose  by  its  very  strong  flash 
yellow,  orange,  and  variegated  (rainbow)  colors ;  second! 
nitrated  products  (from  12.75  P^^  cent,  nitrogen  upv 
flashing  up  not  so  strongly  in  blue  colors.  Further  di: 
are  not  possible,  even  in  the  case  of  high  degrees  of  i 
When  working  for  collodion  cotton,  where  the  structu 
fiber  is  to  some  extent  affected,  and  there  is  more  ui 
cellulose  present,  the  polarization  microscope  renders  no 
service.  In  the  presence  of  only  5  per  cent,  unchang 
lose  a  great  part  of  the  microscopic  field  appears  yel 
with  15  per  cent,  cellulose  the  phenomena  of  polarizatic 
nitrated  fibers  are  entirely  obscured.     Hence  the  polarizi 
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al  means  for  qualitatively  detecting  the  presence  of  small 
itittes  of  anclianged  cellulose  in  highly  nitrated  products,  but 
ils  in  the  case  of  collodion  cottons. 

Behavior  of  Nilroeellulose  towards  Iodine. — According  to 
;mann,'  Kindt  states  that  when  treating  nitrated  cellulose 

a  solution  of  iodine  in  potassium  iodide,  and  subsequently 
tening  with  dilute  sulphuric  acid,  guncotton  becomes  yellow, 
e  cotton  turns  blue.     We  found  when  following  this  direction, 

the  yellow  or  brown  color  does  not  proceed  from  any  action 
dine  npon  the  nitrated  fiber,  for  it  is  entirely  removed  by 
ling.  When  treating  with  iodine  solution  alone,  without 
linric  acid,  and  subsequently  washing  with  water,  the  most 
ly  nitrated  products  (guncotton  proper)  lost  their  color  ;  the 
strongly  nitrated  products  retained  a  brown  color  increasiug 

the  decrease  of  nitration,  but  not  at  all  with  sufficient  regu- 
y  to  base  any  clear  distinction  thereon.  In  all  probability, 
phenomenon  is  caused  by  the  formation  of  oxycellulose,  of 
;h  several  modifications  are  known  to  exist.'  At  any  rate, 
ibove- mentioned  reagent  did  not  prove  of  any  value. 

Quantitative  Estimation  of  Unchanged  Cellulose  in  Nitro- 
loses. — Daring  the  progress  of  our  work,  the  necessity  fre- 
itly  arose  for  quantitatively  estimating  any  admixture  of 
langed  cellulose  in  the  nitrated  products.  The  methods 
ribed  up  to  that  time  were  thoroughly  tested,  but  yielded 
e  unsatisfactory  results.  The  oldest  of  these  is  based  on  a 
:ment  with  a  hot  concentrated  solution  of  sodium  sulphide  ; 
is  a.  very  slow  process  and  we  never  succeeded  in  obtaining  a 
lue  free  from  nitr<^en.  Hess  and  Schwab,  and  later  on  Kder, 
imposed  collodion  cotton  dissolved  in  ether-alcohol  by  an 
[lolic  solution  of  potash  or  soda,  and  this  is  also  applicable  to 
:»tton  when  dissolving  this  in  acetone,  but  it  is  not  easily 
led  through  because  the  solution  of  sodium  hydroxide  in 
)st  anhydrous  alcohol  takes  place  with  great  slowness,  while 
presence  of  a  little  more  water  militates  against  the  reaction, 
he  following  new  process  was  found  to  answer  the  purpose 
le  case  of  the  mere  highly  nitrated  products.  The  reagent 
loyed  is  an  alcoholic  solution  of  sodium  ethylate  (sodium 
hylate  or  amylate  have  the  same  efEect),  C,HjONa,  prepared 
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by  dissolving  2  or  3  grains  metallic  sodium  in  100  cc.  95  percent 
alcohol,  which  takes  only  a  few  minutes.  The  solution  is 
filtered  and  is  mixed  with  100  cc.  acetone.  This  reagent  has  no 
e£Fect  whatever  on  real  cellulose,  even  after  an  action  of  several 
hours'  duration,  but  nitrocellulose  is  almost  instantaneously  decom- 
posed with  formation  of  a  reddish  brown  substance  soluble  in 
water,  evidently  the  sodium  salt  of  an  organic  acid,  possibly  con- 
nected with  Wiirs  oxypyruvic  add.^  The  operation  is  carried 
out  as  follows : 

150  cc.  of  the  200  cc.  prepared  above  are  placed  in  a  capsule  or 
Hrlenmeyer  flask  along  with  5  grams  of  guncotton.  The  mixture 
is  heated  to  40^  or  50^  on  a  water-bath,  and  now  and  then  shaken 
up  during  twenty  or  thirty  minutes  ;  or  else  it  is  allowed  to  stand 
at  the  ordinary  temperature  for  a  few  hours.  It  is  then  allowed 
to  settle.  The  brown-red  solution  is  decanted  from  the  undissolved 
portion  ;  the  latter  is  first  washed  with  alcohol  by  decantation, 
and  subsequently  with  water,  whereby  the  brown  substance  is 
dissolved.  The  residue,  consisting  of  cellulose,  is  filtered  and 
washed  with  hot  water,  last  of  all  with  addition  of  a  little  hydro- 
chloric acid.  For  ordinary  work,  it  may  be  at  once  dried  and 
weighed  ;  for  very  exact  estimations  the  water  is  removed  by 
washing  with  alcohol,  the  residue  is  once  more  treated  with  50 
cc.  of  the  reagent  left  over  from  the  first  treatment  by  keeping  at 
40^  or  50°  for  fifteen  minutes,  and  the  operation  is  finished  as  above. 
The  cellulose  thus  obtained  does  not  yield  a  trace  of  gas  in  the 
nitrometer  and  gives  only  an  extremely  faint  blue  reaction  witk 
diphenylamine.  It  shows  a  very  faint  yellow  color,  produced 
by  about  o.  i  mg.  of  the  brown  substance  which  can  be  removed 
by  treating  with  a  solution  of  o.  i  mg.  chloride  of  lime  in  5  cc 
very  dilute  hydrochloric  acid  ;  but  this  last  treatment  is  really 
unnecessary,  as  the  o.  i  mg.  does  not  appreciably  affect  the  esti- 
mation. The  results  agree  to  o.i  or  0.2  per  cent.,  if  the  weight 
of  unchanged  cellulose  amounts  to  about  0.2  gram,  which  can  be 
attained  by  employing  a  convenient  weight  of  guncotton. 

Guncotton  entirely  soluble  in  acetone  contains  only  traces  of 
cellulose.  In  the  presence  of  0.85  per  cent,  cellulose,  the  solu- 
bility is  impaired ;  some  fibers  remain  floating  in  the  Uquid. 
When  5  or  10  per  cent,  cellulose  is  present,  a  great  part  of  the 
nitrocellulose  does  not  dissolve  in  acetone. 

1  Ber.  d.  chtm.  Ges.^  94,  400. 
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be  described  reagent,  sodinm  ettayUte,  is  applicable  to  the 
latioQ  of  cellulose  in  gancotton  asd  collodion  cotton,  but  not 
le  products  with  lower  nitix^^en  percentages  which  have  as 

10  technical  application,  but  were  prepared  by  us  in  order  to 
y  the  various  degrees  of  nitration  (Section  III,  C).  In  the 
of  these  products,  which  always  contain  much  unchanged 
m  fiber,  the  sodium  etbylate  method  yields  results,  varying 
or  even  lo  per  cent,  and  is,  therefore,  quite  useless.  The 
m  for  this  is  no  doubt  the  fact  that  these  products,  which  are 
ired  with  less  highly  concentrated  acids,  always  contain  oxy' 
W.  Since  this  substance  is  soluble  in  alkaline  liquids,  the 
mtage  found  by  alkaline  reagents  of  nitrocellulose  appears 
ligh.  We  shall  treat  of  the  formation  of  oxycellulose  in  a 
squent  section  (III,  F). 

METHODS  FOR  OBTAINIWG  THE  VARIOUS  NITROCELLULOSES. 
le  first  chemists  who  worked  on  Ditrocelluloses  adopted  for 
lose  the  formula  C.HjgO,,  and  consequently  spoke  of  "  t-iui-- 
illulose,"  C,H,(NO,),0„  as  the  highest  obtainable  term, while 
litrocellnlose,"  CsH,(NO,),0„  was  supposed  to  represent  the 
x)sition  of  "soluble  "  nitrocellulose.     The  former  expression 

11  sometimes  used  to  denote  guncotton  (pyroxylin),,  the  lat- 
ar  denoting  collodion  cotton. 

course  it  has  been  known  for  a  long  time  past  that  the  mol- 
;  of  cellulose  must  be  a  multiple  of  C,H„0„  but  its  real  mag- 
le  is  not  known  and  is  not  of  much  importance  in  this  connec- 
AU  we  need  is  to  fix  the  lowest  figure  by  which  we  can 
sent  the  various  products  obtainable  by  introducing  NO, 
ps  (nitric  acid  radicals)  into  the  molecule  of  f^Uulose. 
ier"  obtained  four  degrees  of  nitration  from  the  highest  down- 
Is,  and  consequently  doubled  the  ancient  formula,  as  he  re- 
^  the  molecule  C„H„0|„  to  represent  all  his  products.  Vieille,' 
;ver,  obtained  within  the  same  limits  a  greater  number  of 
□ct  products  and  found  himself  compelled  to  use  the  molecu- 
ormula  C„H„0„  for  cellulose.  This  would  cause  tbe  highest 
eeof  nitration  to  be  called  "dodecanitrocellulose,"  in  lieu  of 
}ldterm  "  trimtrocellulose  "  orEder's  "  hexanitrocellulose," 
Vieille  could  not  obtain  this  highest  term  at  all  and  declared 
decanitrocellulose,"  C„H„(NO,)i,0„,  to  be  the  highest  prod- 

br.  t.  cktm.  Gti.,  13,  169. 
'omfl.  rend.,  fg,  131. 
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:t  of  nitration  obtainable.  The  table  given  in  Section 
:ves  the  formulas  and  nitrogen  percentages  of  the  variou 
:  nitration  denoted  according  to  the  C,,  •  ■  •  ■  molecnle,  w1 
lopt  throughout  this  paper  as  being  sufficient  for  repn 
ir  present  stage  of  knowledge. 

MendelejefT  obtained  a  product  containing  12.44  P^''  ^ 
ogen  entirely  soluble  in  ether- alcohol,  whose  nitrogen  ] 
;e  is  about  midway  between  Vieille's  deca-  and  enneanil 
ise.  Vieilte  had  stated  that  deca-  was  insoluble,  ennea- 
ad  therefore  MeudelejeS  considered  his  soluble  inter 
roduct  as  a  new,  individual  step  of  nitration  which  woi: 
el  the  adoption  of  a  formula  containing  C„.  But  as  we  : 
iter  on,  there  exists  a  soluble  decanitrocellulose,  and  there 
9  reason  whatever  for  making  the  solubility  of  Mend 
roducts  a  criterion  of  its  nature  as  an  individual  compc 
lay  very  well  have  been  a  mechanical  mixture  of  the  deca- 
ea-body.  I  do  not,  therefore,  at  present  see  any  reason 
lould  write  our  formulas  on  the  basis  of  C^-  •  •  • .  and  I : 
lit!  the  basis  of  C„  ■  • '  •  by  which  all  our  results  can  be 
)rily  expressed.  Of  course  the  real  formula  must  be  n 
ut  we  may  neglect  the  unknown  value  of  n  as  tmmateria 
urposes. 

The  lower  members  of  the  series  of  nitrated  cellulose 
eca-,  can  be  obtained  by  means  of  nitric  acid  alone,  but 
lese  in  actual  practice  are  always  prepared  by  mixture 
huric  and  nitric  acids,  we  have  almost  exclusively  work 
ich,  and  we  shall  now  proceed  to  discuss  the  conditions 
lining  the  various  steps  of  nitration. 
'.   On  ihe  Highest  Stage  of  Nitration  Obtainable  from  C 

As  the  older  work  on  this  subject  may  be  considered  c 
tpecially  in  view  of  the  improvement  of  the  methods  for 
ng  the  nitrogen,  we  may  begin  with  the  statement  c 
he  most  highly  nitrated  product  he  obtained  was  madt 
:tion  on  cellulose  of  a  mixture  of  three  parts  concentra 
huric  add  and  one  part  fuming  nitric  acid,  and  treat 
roduct  with  ether-alcohol  by  which  from  1.2  to  5.8  per 
)luble  substances  were  extracted.  He  thus  obtained  a  si 
lowing  by  analysis  the  following  percentages  of  nitrogen 

I  Monilcr  Scunlifi^uf.  1S97,  p.  510. 
"  Ber.  d.  ehtm.  Gts..  13.  1V«. 
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1,  13.8a  ;  and  this  he  considered  near  enough  to  the  percent 

of    14.16,     required    for    "hexa-"     (C„  •■  equal    to    ou 

ieca-")  nitrocellulose,  to  declare  it  to  be  essentially  compose 

is  compound. 

alle,' however,  obtained  under  the  same  conditions  a  prod 

[lowing  only  214  cc.  NO  =  13.42  per  cent,  nitrogen,  or  ver 

y  '350,  the  percentage  for  endecanitrocellulose. 

jnon'  attained  only  213  cc.  NO  =  1335  per  cent,  nitroge: 

leading  to  endecanitrocellulose. 

the  first  series  of  experiments  (with  Weintraub)  we  treatei 
time  2.5  grams  cellulose  with  30  grams  nitric  add  (sp.  gi 

and  90  grams  sulphuric  add  (sp.  gr.  r.84)  at  a  constan 
n-ature  of  ig"  during  twenty-four  hours ;  three  differen 
lesmadein  this  way  showed  13.37,  r3-40i  ^id  13.36  per  cent 
;en.  Another  time,  when  treating  the  same  mixtures  at : 
jrature  of  10"  during  ten  hours,  we  obtained  r3.39  per  cent 
fen.  That  a  change  of  temperature  up  to  40°  or  down  to  o 
Qot  produce  higher  nitrogen  percentages,  we  shall  see  late 
iec.  Ill,  />). 

len  increasing  the  quantity  of  sulphuric  acid,  the  nitrogei 
ntage  of  the  product  is  lowered  ;  when  decreasing  it,  it  i 
edly,  but  slightly,  raised  as  we  shall  see.  The  maximuc 
obtained  in  this  first  series  was  13.456  per  cent,  nitrogen 
confirming  Vieille's and  Vignon'sconclusion,  that  the  actioi 
lixture  of  sulphuric  and  nitric  acids  leads  only  up  to  endeca 
irellulose.  But  their  further  conclusion,  that  no  higher  de 
sf  nitration  exists  at  all,  could  not  be  confirmed,  for  01 
ing  mixtures  similar  to  Hoitsema's'  (w>. ,  equal  parts  of  ni 
n  pentoxide  and  phosphorus  pentoxide),  we  obtained  up  ti 

and  13.90,  suffidently  near  to  the  percentage  for  dodeca 
xllulose  and  far  above  that  for  endecanitrocellulose.' 
e  existence  of  dodecanitrocellulose  has  thus  been  confirmei 
by  Hoitsema  and  by  ourselves,  but  it  has  been  obtained  onl; 
e  use  of  extraordinary  reagents,  not  applicable  in  manufac 

>■>(.  mit..  9S.  '}3. 

ii..  June  6,  1698. 

•jdir.  anfew.  Oirm.,  1S9B,  p.  IJj. 

.  N.  WmiTCD,  Oum.  JVtws.  74,239  (1896).  claima  to  hmn  obtained*  "tHnnltn 
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turing  practice.  In  my  later  experiments  (with  Bebie)  we  were 
more  fortunate ;  we  succeeded  in  getting  up  to  the  highest  per- 
centages of  nitrogen  by  mixtures  of  sulphuric  and  nitric  adds, 
as  shown  by  the  following  table : 


Compoi 

dtion  of  add  a 

nixtttre. 

NitroKen  in 
product. 
Per  cent. 

Yield  oa 
ootton. 

No. 

H,S04. 

HNOs. 

HfO. 

I 

60.00 

27.43 

12.57 

13.62 

m 

2 

62.10 

25.79 

I2.II 

13.75 

174 

3    I 

62.95 

24.95 

12.10 

13.83 

175 

4 

63.72 

25.31 

10.97 

13.75 

175 

5 

64.56 

24.65 

'     10.79 

13.71 

175 

As  this  work  had  led  to  the  very  striking  result  that  nitrogen 
percentages  had  been  reached  exceeding  anything  previously  at- 
tained by  the  direct  action  of  the  mixture  of  sulphuric  and  nitric  adis 
without  extracting  the  products  by  ether-alcohol^  and  that  with 
mixtures  containing  a  comparatively  large  quantity  of  water^l 
thought  it  advisable  to  test  this  result  by  a  new  series  of  exper- 
iments which  turned  out  as  follows : 


Composition  of  acid  mixture. 


Nit 


No. 
6 

7 
8 


H8SO4. 
68.02 

64.5^ 
6335 


HNOs. 
25.28 

26.5s 
25.31 


HfO. 
5.70 

8.88 
11.34 


Lroffen  m 
product, 
rcr  cent. 

13.76 

13.72 

13.92 


Yield  on 

cotton. 

Per  cent. 


m 


Here,  with  1 1 .  34  per  cent,  water  in  the  acid  mixture^  we  obtained 
13.92  per  cent,  nitrogen*  guite  as  high  as  Hoitsema  and  owr- 
selves  with  the  phosphorus  pentoxide  mixture^  that  is,  dose  te 
the  composition  of  perfectly  pure  dodecanitrocellulose  (=14.16 
percent,  nitrogen). 

We  shall  later  on  discuss  the  influence  of  varying  quantities  of 
water  on  the  process  of  nitration  ;  in  this  place  I  wished  only  to 
prove  the  existence  of  dodecanitrocellulose.  I  must,  however, 
add  that  this  product,  as  obtained  by  us,  is  not  a  stable  compound. 
The  sample  giving  13.92  per  cent,  nitrogen  was  preserved  under 
water  for  a  few  months  and  then  dried  and  tested  again ;  it  now 
showed  only  13.5  percent,  nitrogen..  On  repeating  the  exper- 
iments we  at  once  obtained  products  up  to  13.8  per  cent,  nitrogen 
but  usually  only  the  first  tests  yielded  these  values  ;  after  a  few 
days*  standing  in  the  desiccator  the  percentage  was  only  13.5  per 
cent,   and  remained  perfectly  constant  at  this  point,  equal  to 

1  It  may  be  said,  once  for  all,  that  there  is  no  question  of  experimental  erron  in  oar 
analsrsca .  Every  one  of  our  nitrogen  estimations  was  a/  least  made  in  duplicate^  the  diaorp- 
andes  generally  ranging  within  o.oi,  very  rarely  up  to  0.015  or  0.02  per  cent,  nitrogen. 
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milrocellttlose.  The  latter  therefore  appears  to  be  the  highest 
degree  of  nitration. 

prevent  any  suspicion  that  those  extraordinarily  high  nitro- 
ercentages  might  be  due  to  some  nitric  acid  being  retained 
;  product,  every  precaution  was  taken  in  washing  the  latter, 
pedal  check  tests  proved  that  the  above  could  not  possibly 
been  the  case. 

cial  experiments  were  made  with  a  view  of  ascertaining 
ler  by  avoiding  the  use  of  hot  water  in  washing  the  prod- 
the  nitrogen  percentage  could  be  raised,  but  this  course 
>t  lead  to  more  than  13.53  V^^  cent,  nitrogen  and  the  prod- 
question,  although  treated  with  sodium  carbonate,  exploded 
>"  which  proves  it  to  be  too  unstable  for  any  practical  use. 
le  furtber  experiments  showed  that  the  proportion  of  sul- 
:  to  nitric  acid  which,  in  the  experiments  i  to  8,  had  been 
3-5  : 1,  may  be  varied  up  to  3.3  :  i  and  down  to  2  :  i  with- 
aking  a  difference  in  the  result. 

Compodtloti  of  add  miitarc.  Nllragen  in 


H,SO^ 

HNO,. 

H^. 

PCT  cent. 

Pnccn't. 

75-33 

33.80 

r.87 

13.53 

176 

74.16 

33.13 

3-73 

13-51 

175 

7»-97 

31.63 

5.40 

•3-57 

69.90 

ao.45 

9.65 

13.64 

177 

68.31 

30.49 

II.30 

13.61 

176 

67.43 

19.37 

13.30 

13.35 

171 

67.3a 

32.53 

0.15 

13.62 

176.5 

65.41 

31-34 

3.*5 

13-57 

'75 

63.75 

30.80 

5-45 

13.63 

176 

70,68 

39.31 

10.01 

13-68 

176 

3se  experiments  further  prove  that  by  lowering  Ike  propor- 
f  water  to  a  minimum  (which  was  effected  by  addition  of 
ig  oil  of  vitriol),  the  percentage  of  nitrogen  in  the prodttct 
ot  raised,  and  that  it  is,  therefore,  quite  useless  to  make  the 
s  more  expensive  by  employing  suck  highly  concentrated  acid 
ires. 

Various  Conditions  to  be  Observed  in  the  Nitrating  Process. 
;  primary  object  of  this  investigation  was  that  of  establish- 
he  conditions  for  obtaining    with    certainty    the    various 
ptions  of  nitrocellulose  required  in  commerce,  from  the  most 
y  nitrated  guncotton  down  to  collodion  cotton,  but  over  and 
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bove  that  to  somewhat  exhaustively  study  the  pnx 
arious  bearings. 

Evidently  the  greatest  part  is  played  in  this  respect 
ition  of  the  nitrating  mixture.  This  may  be  stated  ii 
nstance  in  terms  of  the  percentage  of  ica/^r  present;  bi 
■oriitm  of  sulphuric  to  nitric  acid  must  also  be  taken  into 
ion,  as  well  as  the  temperature  and  the  time  occupi 
irocess.  Lastly,  it  must  be  ascertained  what  part  is 
hat  unavoidable  impurity  present  in  nitric  acid,  viz., 
xides  of  nitrogen. 

In  order  to  attain  my  ultimate  object  it  was  necessar 
igate  all  these  various  conditions  apart  from  one  anoth 
arying  only  one  of  them  at  a  time,  while  keeping  thi 
learly  uniform  as  the  case  would  permit.     Unless  this  i: 

thorough  solution  of  the  task  cannot  be  expected, 
essors,  with  all  their  eminence  in  the  field  of  explos 
lothing  like  sufficiently  fulfilled  the  condition  just  1 
Thus  Vieille'  nitrated  cotton  with  twelve  different  m 
ulphuric  add  (sp.  gr.  1.832)  and  nitric  acid  (sp.  gr.  1 
ibtained  nitrocellu loses  varying  from  S.33  to  12. 3S  pc 
rogen.  But  in  these  experiments  there  were  two  var 
litudes  (namely  HNO,  and  H,0),  and  the  results  mu 
ipon  both  jointly.  The  same  must  be  said  of  the  nun 
■eriments  made  by  Bruley.'  To  avoid  this  drawback  ii 
ertainly  much  labor  was  involved  ;  several  hundred; 
ions,  all  followed  up  by  careful  analysis  and  other 
our  years'  work  were  expended  upon  this  task  whicl 
low  proceed  to  describe. 

C.  Influence  of  Water  on  the  Nitrating  Procea 

In  this  series  of  experiments  the  proportion  of  sul] 
litric  acids  was  kept  practically  constant,  viz. ,  as  nearly 
qual  (nitric  acid  slightly  prevailing),  and  only  the  prt 
vater  was  varied.  The  mixtures  were  prepared  from  ' '( 
lure  "  sulphuric  acid  (sp.  gr.  1.83)  and  pure  nitric  ac 
.  50) ,  which  had  been  carefully  freed  from  lower  nitrog 
'he  amount  of  water  was  varied  by  adding  pure  wat 
he  highest  concentrations,  by  adding  free  sulphur  trio: 
hapeof  fuming  sulphuric  acid.     The  other  factors,  tei 

^  Mtm.dtipoudTatlialfllrts.v,  117, 
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ion  of  action,  proportion  of  cellulose  to  the  acid  mixture, 
kept  S5  constant  as  possible.  The  temperature  was  kept 
:ea  16'*  and  18°;  the  duration  of  action  was  twenty-four 
The  kind  of  cellulose  used  and  the  apparatus  employed 
been  described  in  Section  I,  as  well  as  the  method  of  wash- 
Irying,  etc.  Each  experiment  was  (as  during  the  whole  of 
fork)  made  at  least  twice  over,  as  well  as  the  analysis  of 
jf  the  products  obtained,  but  as  there  was  in  every  case  a 
cxincordance  of  results,  I  quote  only  the  mean  result  of  each 
ite  variation  of  proportions. 

:  analytical  methods  employed  are  described  in  Section  II. 
:y  extended  to  the  nitrogen  percentage,   the  solubility  is 
alcohol  (3  ether,  i   alcohol),  the  yield  and  the  behavior  in 
zed  light. 
i  results  of  the  first  series  of  nitrations  are  as  follows  : 


Soluble  in 

Yield 

Ad. 

1  mixture  In  pet 

cent. 

^'wSt 

etlier*lcoho1. 

cotton. 
Per  cent. 

H,SO.. 

HNO,. 

Hrf>. 

13-63 

1.50 

177-5 

45-3' 

49-07 

5.6a 

13-31 

540 

176.3 

43.61 

46.01 

...38 

13.76 

33.00 

41.03 

44-45 

M-Sa 

H.58 

60.00 

1670 

40.66 

43-85 

15.49 

11.31 

99-14 

159-0 

4014 

43-»5 

16.61 

la.05 

99.84 

■53-0 

3945 

4»-73 

17.8J 

"1-59 

100.01 

156-5 

38.95 

4».i5 

1S.90 

"0-93 

99-83 

144.3 

38.43 

41-3' 

ao.36 

9.76 

74.33 

146.0 

37-30 

40.30 

33.50 

9.31 

1. 15 

"38.9 

36.73 

3978 

13-50 

8.40 

o.ei 

131.2 

35.87 

38.83 

15-30 

6.50 

•■73 

34.41 

37.17 

38.4a 

ese  results  have  been  plotted  on  the  accompanying  diagram,' 
pright  lines  showing  on  one  side  the  number  of  cubic  cen- 
ers  of  NO  evolved  per  gram  of  the  product,  on  the  other  side 
litrogen  percentage  of  the  same,  and  the  horizontal  lines 
mg  the  percentage  of  water  in  the  add  mixture.  It  appears 
the  single  results  (marked  by  drclets)  arrange  themselves 
very  regular  curve  which  allows  of  foreseeing  the  nitr<^en 
ntage  of  the  product  for  the  varying  proportions  of  water 
;  add  mixtures  employed  for  nitration. 
might  be  expected,  and  as  is  espedally  shown  by  a  glance 
i  third  column  of  the  preceding  table  (the  solubility  in  ether- 
ol) ,  the  products  obtained  mostly,  were  not  chemically  pure 
idual  compotmds,  but  mixturesof  various  stages  of  nitration. 
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The  solubility  in  ether-alcohol  may  be  made  use  of  fc 
partial  separation  of  the  products  of  nitration.  Of  cc 
the  soluble  and  insoluble  portions  might  be  assumed  t 
a  mixture  of  various  nitrocelluloses,  but  frequently  th« 
percentage  shows  them  to  be  of  uniform  nature.  W 
the  soluble  or  the  insoluble  portion  amounted  but  t 
cent,  of  the  whole,  lack  of  material  precluded  the 
investigation,  and  in  these  cases,  only  the  prevailing  ] 
separately  analyzed  and  the  nitrogen  percentage  of 
indirectly  estimated  by  the  following  mode  of  calculati< 
Suppose  we  have  directly  estimated  the  nitrogen  pe: 
the  insoluble  portion,  a  denoting  the  nitrogen  percen 
entire  mixture  obtained  by  nitration  and  c  the  percei 
bility  in  ether-alcohol.  We  shall  learn  the  nitrogen  p< 
of  the  soluble  portion  by  the  formula 

,  _zoo(a-b)±Lc 


If,  on  the  other  hand,  the  nitrogen  percentage  d  of 
portion  is  known,  we  leam  the  percentage  b.  of  the  ii 
the  formula 


b  =  ~ 


o  a — dc 


Considering  that  the  estimation  of  solubility  is  not  a 
rate  operation,  especially  in  the  case  of  low  solubiliti< 
not  ascribe  a  very  high  degree  of  accuracy  to  these  in' 
matioDs  of  the  nitrogen  percentage,  but  they  will,  at 
sufficiently  elucidate  the  progress  of  nitration. 
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:  shall  now  discuss  the  single  results  a  little  in  detail.  No. 
ws  a  product  of  strikingly  high  nitrogen  percentage,  exceed- 
le  highest  attained  by  Vieille,  This  product  was  obtained 
m  acid  mixture  containing  5.62  per  cent,  water ;  we  have 
n  Section  III,  A,  that  even  higher  percentages  of  nitrogen 
:  obtained  with  mixtures  containing  rather  more  water,  but 
lore  sulphuric  acid  than  was  employed  in  this  case.  The 
:en  percentage  increased  but  very  little  by  extraction  with 
alcohol,  viz.,  to  13.67,  that  of  the  soluble  portion  being  cal- 
A  as  12.54  I*''  cent- 
increase  of  the  percentage  of  water  to  about  1 1  per  cent, 
d  a  slight  diminution  of  the  nitrogen  percentage.  In  Section 
i,  we  have  seen  that  with  the  same  percentage  of  water,  ' 
ith  more  sulphuric  acid,  the  maximum  percentage  of  nitro- 
ras  attained.  The  insoluble  portion  of  No.  2  contains  13.37 
ent.  nitrogen  and  is,  therefore,  practically  equal  to  en- 
itrocellulose.  The  soluble  portion  is  calculated  to  contain 
per  cent,  nitrogen. 

s  nitrogen  percentage  of  No.  3  (12.76)  is  exactly  like  that 
^anitrocellulose  (theoretically  12.78);  but  its  partial  solu- 
shows  that  it  was  not  a  chemical  individual,  and  its  nitro- 
ontent  only  accidentally  agreed  so  well  with  decanitrocellu- 
Eder's  pentanitrocellulose).  It  could  be  split  up  into  22 
ent.  of  octonitrocellulose,  with  11. 10  per  cent,  nitrogen 
ry  11.13)  3^<1  7^  pcf  cent,  of  another  substance,  showing 
Iculation  asabove  13.23  and  by  actual  analysis  13.26  per 
nitrogen.  This  is  a  strong  warning  against  drawing  con- 
ms  on  the  solubility  and  other  properties  of  technical  nitro- 
ose  from  its  accidental  percentageof  nitrogen,  which  subject 
tall  have  to  mention  again  further  on, 

e  difference  between  the  degree  of  nitration  of  the  soluble 
Dsoluble  components  of  the  samples  hitherto  discussed  is  no 
t  caused  by  the  dilution  of  the  acid  mixture  taking  place 
ig  the  nitrating  process,  firstly  by  the  positive  formation  of 
r,  secondly  by  the  abstraction  of  nitric  acid.  Since  these 
riments  show  that  a  difference  of  a  few  per  cent,  of 
r  may  produce  greatly  differing  stages  of  nitration,  we 
rstand  why,  during  the  nitrating  process,  where  there  is  a 
lical  production  of  free  water,  various  nitrocelluloses  must 
XMluced.   The  variations  must  be  less  prominent,  the  greater 
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the  proportion  of  acids  to  that  of  the  cotton,  and  the  le 
sequently  the  absolute  changes  in  the  composition  of 
mixture.  This  explains  why  the  proportion  between  the 
of  cotton  and  that  of  tbe  add  mixture  is  an  important 
the  process. 

Combining  the  knowledge  to  be  derived  from  the  ex] 
hitherto  discussed  (made  with  about  equal  quantitiesof 
and  nitric  acids  and  water  up  to  1 1  per  cent. )  with  those 
in  the  preceding  section  (where  the  ordinary  mixti 
sulphuric  to  I  nitric  add  was  applied  with  varying  qua: 
water),  we  arrive  at  the  conclusion  that  in  order  to  m 
eoiton  of  a  high  percentage  of  nitrogen  it  is  quite  unne 
■  employ  acid  mixtures  containing  only  a  few  per  cent. 
With  the  add  proportion  i  :  i  it  is  permissible  to  go  up 
cent,  water,  with  3  sulphuric  to  i  nitric  acid  even  up  to  1. 
water,  and  consequently  to  work  with  much  cheaper  acid 
usually  done. 

From  Professor  Will's  paper  on  the  stability  of  nitr 
which  I  have  received  at  the  last  moment  before  cl< 
paper,  and  which  will  be  referred  to  later,  I  notice  tl: 
otherwise  equal  conditions  and  equal  relation  between 
and  nitric  acid,  the  rapidity  with  which  nitrogen  is  given 
the  nitrocellulose  at  a  temperature  of  ijj°  (which  he  coi 
be  the  surest  test  for  the  stability  of  nitrocelluloses) 
with  the  increased  percentage  of  water  in  the  nitrating  aa 
same  amount  of  decomposition  as  is  brought  about  in 
minutes  with  a  mixture  containing  4  per  cent,  water, 
255  minutes  with  a  mixture  containing  9  per  cent,  wate 
greatly  increased  stability  is  another  strong  argument  for 
mendation  which  I  have  derived  from  my  experiments, 
acid  mixtures  containing  more  water  than  has  been  hi 
custom. 

No,  4  of  the  above  series  isan  intermediate  mixture;  i 
we  reacb  the  series  of  completely  soluble  products,  tb 
collodion  cottons.  As  the  curve  shows,  the  influence  < 
crease  of  water  now  becomes  much  stronger.  Over  18 
water  the  nitrogen  percentage  quickly  decreases  with  tl 
of  water.  The  group  of  entirdy  soluble  nitrocellulo 
from  12.31  to  10.93  P*^  ceaX.  nitrogen,  is  obtained  by  ; 
tures  ranging  between  16,6  and  30.3  per  cent,   water. 
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7  and  8  we  should  find  the  typical  collodion  cotton,  via., 
itroceUnlose,  with  11.13  per  cent,  nitrogen,  and  by  interpo- 
I  on  the  carve  we  find  the  corresponding  amount  of  water  in 
Hd  mixture  ^  19.5  per  cent.  This  conclusion  was  confirmed 
:tual  experiment.  An  add  mixture  containing  the  same 
irtions  of  sulphuric  and  uitric  adds  as  employed  above,  and 
per  cent,  water.  yitXAieA.  pracHcalfy pure  odonitrocellulose,  ana 
we  thus  shown  how  io  obtain  with  all  certainty  this  produa 
1  is  of  such  great  technical  importance,  and  which  is  usually 
led  to  be  somewhat  difficult  to  manufacture  with  regularity, 
lUSt  here  interpose  some  remarks  on  a  paper  published  by 
-Naef  upon  the  preparation  of  collodion  cotton,  to  be  em- 
d  in  the  manufacture  of  vegetable  silks  at  the  Besan^on 
7.  According  to  him  this  collodion  cotton  is  made  by  treat- 
)tton  during  four  to  six  hours  with  a  mixture  of  S5  parts 
uric  and  15  parts  fuming  nitric  acid  (sp.  gr.  1.52}.  He 
act  expressly  speak  of  the  concentration  of  the  sulphuric 
but  he  must  evidently  mean  the  ordinary  con::entrated  oil 
riol  (66°  Banm£),  for  he  speaks  of  the  strong  attraction  of 
:nd  mixture  for  water,  and  moreover  nobody  would  for  a 
ical  process  employ  such  costly  nitric  acid  as  that  of  1.52 
ic  gravity,  to  mix  with  dilute  sulphuric  acid,  instead  of  the 

cheaper  mixture  of  concentrated   sulphuric  and   weaker 

add. 

rss-Naef's  statements  have  been  reproduced  without  criti- 
in  a  recently  published  book  by  Dr.  Siivem,  *  'Die  kiinstUche 

would  have  been  an  extremely  valuable  service  to  the  in- 
y  of  collodion  cotton  if  ^he  detailed  descriptions  of  Wyss- 
on  the  process  employed  at  Besangon  could  be  accepted  as 
ct,  although  it  would  be  an  almost  unexampled  instance  of 
osity  on  the  part  of  the  owners  and  managers  of  that  factory 
ike  such  a  present  of  their  hitherto  secret  process  to  their 
etitors  in  trade.  Unfortunately  this  is  not  the  case.  In 
rst  paper  published  in  1899  by  Weintraub  and  myself  we 
itready  shown  that  when  carefully  following  the  instructions 
yss-Naef  even  after  three  days  some  raw  cellulose  was  left 
id,  that  the  final  product  contained  12.74  per  cent,  nitrogen, 
it  differed  entirely   from   the  published  description  in  its 

tsKkr.  angrm.  Ctm,.  1S99.  p.  469. 


lavior  under  the  polarization  microscope,  and  that  it  < 
y  ip  per  cent,  of  matter  soluble  in  etker-akokol.  Then 
y  challenged  Mr.  Wyss-Naef  to  clear  up  these  contra 
;  received  no  answer. 

!,ooking  at  the  importance  of  this  matter,  I  repea 
bie  the  operation  as  prescribed  by  Wyss-Naef,  this 
;btly  raised  temperatures,  as  we  had  learned  that  sue) 
yed  at  the  factories  of  vegetable  silk.  The  followin 
)w  thatby  this, only  some  time  was  saved,  asa  matter* 
t  that  the  products  are  just  as  little  "  soluble"  nitn 
in  our  former  experiments. 

DontloD  of 
nitrmtioD.  NUrogea.  Solubility 

Tempcralure.        Hour*.  Per  not.  Percent.  Pi 

30°  4  "53  i7-'4  ' 

40°  7  13-"  15-54  ' 

There  was  no  unchanged  cotton  left  behind.  In  the 
ht  the  fibers  showed  a  faint  steel-blue  color. 
[  must,  therefore,  assume  until  further  explanations 
ascriptions  of  Wyss-Naef  on  the  manufacture  of  collodi 
:  entirely  untrustworthy,  and  I  must  adhere  to  the  ^ 
ren  above  from  the  experiments  made  in  my  own  la 
We  now  resume  the  discussion  of  these  experiments 

per  cent,  nitrogen  the  solubility  of  nitriccellulose  qt 
:ases.  The  products  from  bexanitrocellulose  downwar 
uble,  as  previously  found  by  Vieille.  The  soluble  h 
ranitroceliuloses,  obtained  by  Eder  with  very  hot  add  1 
by  the  action  of  alcoholic  potash  on  more  highly  nitra 
ts  are  evidently  of  quite  a  different  nature,  since  no 
old  be  regenerated  by  means  of  ferrous  chloride,  and  t 

considered  as  not  being  nitrated  -celluloses  at  all,  1 
ers  of  other  carbohydrates. 

[f  the  percentage  of  the  acid  mixture  attains  25  per 
>re,  no  complete  nitration  can  be  effected  by  an 
enty-four  hours ;  in  No.  12,  unchanged  cotton  wasl 
er  three  days'  action,  to  the  amount  of  4.  i  per  o 
rated  portion  would  then  contain  6.78  per  cent,  nitre 
isists  of  tetranitrocellulose.  But  as  mentioned  in  & 
i  estimation  of  the  unchanged  cellulose  and  conseque 

the  nitrogen  percentage  in  the  other  portion,  can 
proximate  in  such  cases. 
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I  the  presence  of  more  water  the  nitration  becomes  less  and 
complete.  Id  the  beginning  there  is  still  some  nitration, 
■  on,  only  oxycellulose  is  formed,  as  shown  by  the  entire  or 
ial  solubility  in  dilute  alkali,  precipitation  from  the  solutions 
dds  or  alcohol,  intense  coloration  with  basic  coloring-matters, 
ction  of  Fehling's  solution  and  formation  of  compounds  with 
lylhydrazine. 

le  morphologual  structure  of  the  products  is  strongly  altered 
n  increase  of  water  in  the  acid  mixtures.  Up  to  15  per  cent, 
r  the  original  structure  is  preserved.  At  18  per  cent,  water, 
fibers  appear  somewhat  contracted  and  the  characteristic 
t  of  cotton  fiber  is  lost.  With  more  water  the  fibers  appear 
;  torn  open  and  disaggregate  into  small  particles  which,  get 
d  into  globular  masses.  This  destructive  action  is  at  its 
imum  with  23  or  25  per  cent,  water  ;  by  more  dilute  acid 
ures  the  fibrous  structure  is  much  less  affected,  but  here  also 
rolonged  action  the  fibers  are  split  up  into  smaller  elements. 
further  series  of  tests  was  made  to  ascertain  whether  gun- 
in,  made  with  acid  mixtures  containing  from  8  to  11  percent, 
r,  as  recommended  by  me  in  consequence  of  our  investiga- 
1,  might  be  less  resistant  to  boiling  water  than  those  made 
more  concentrated  acids.  This  did  not  seem  very  likely,  but 
it  had  to  be  examined. 

>r  this  purpose  two  nitrations  were  made  simultaneously:  (i) 
the  usual  mixture  (69.14  H,SO„  23.91  HNO„  6.07  H,0, 
N,0,),  and  (2)  with  a  mixture  containing  63.64  H,SO„  25.25 
D„  10.82  H,0.  Both  were  treated  exactly  in  the  same  way 
cold,  hot,  and  boiling  water,  and  were  tested  for  nitrogen 
^tage  and  explosiveness.  The  following  were  the  results, 
ing  that  gunwtton  made  according  to  our  prescription  does  not 
tny  more  nitrogen  on  boiling  with  water  than  such  made  with 
•  concentrated  acids. 


Nltroten.       Ki- 

Washed  one-half  day  cold,  one  day  161° 

hot  water 13.45         3*9" 

Washed   one-half  day  cold,  three  170" 

days  hot '3-48        440" 

Washed  one-half  day  cold,  one  and 
one-half  days  hot,  boiled  two 
hours  (po  actd  reaction  in  water)     13.47 

The  sane  boiled  another  five  hours    13.36 
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Product  2  behaves  in  the  washing  proceu  exactly  like  i 
trifling  loss  of  nitrogen,  which  remains  always  slight] 
lit  this  difference  does  not  seem  to  be  of  any  impc 
lore  than  the  slight  difference  in  explosiveness. 

Of  course,  only  more  extended  experiments  on  the 
3uld  absolutely  decide  these  questions,  and  the  quest 
Stic  differences  could  not  even  be  approached  by  us. 

D.  Influence  of  Temperature. 

The  experiments  described  in  Section  III,  C,  were  a 
tie  ordinary  temperature  and  lasted  twenty-four  fac 
uestion  now  arises  how  the  process  is  affected  by  v 
smperature  of  the  nitrating  process.  This  was  separat 
or  the  case  of  guncotton  and  that  of  collodion  cotton. 

For  guncotton  as  nearly  as  possible  2.5  grams  of  o 
itrated  with  a  mixture  of  30  grams  nitric  acid  (sp. 
nd  90  grams  sulphuric  acid  (sp.  gr.  1.84).  The  dnra 
irocess  could  not  very  well  be  raised  above  seven  hoi 
emperature  had  to  be  watched  throughout  the  process 
ults  are  quoted  in  the  following  table.  The  "  yields"  1 
larts  of  cotton  employed;  the  "  loss  of  cellulose"  is  call 
ent.  of  cellulose  employed  from  the  formula:  100 — b{\- 
irhere  b  is  the  yield  from  100  parts  cellulose,  and  a  the 
ubic  centimeters  of  NO  given  off  from  i  gram  nitroce 


TeuperBlure. 

Perceni. 

Per  «nl. 

l^r  cent 

1 7  hours 

10.71 

ISI.J9 

trace 

1319 

173*9 

trace 

10°     7  hours 

1 3. 37 

175-78 

15°    7  hours 

■3.38 

175.61 

,„o  f  J  hour 
^    17  hours 

ia.7a 

166.14 

13-39 

175.56 

0 1  \  hour 

13.07 

T7a-3« 

trace 

I  7  hours 

13.06 

I6q.6i 

i.6r 

t  a,\  hours 

13.0S 

169.18 

1-95 

13.07 

161.05 

S.67 

fihour 

13-07 

161.23 

6.5* 

to"  J i hour 

13-ia 

US.  17 

»7.45 

1 3  hours 

131J 

8r.52 

5^-76 

From  this  the  following  conclusions  may  be  drawn: 

I.    With  the  rise  in  temperature  the  speed  of  the  protei 

■apidly.     At  o"  the  nitrogen  percentage  reached  aft 
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IT  is  only  10.71,  at  19"  it  is  increased  to  12.72,  at  40°  to  13.0 
lich  is  the  highest  attainable  at  this  temperature),  and  at  8c 
)  is  effected  in  a  quarter  of  an  hour. 

.  The  nitrogen  percentage  of  the  product  sinks  a  little  wke 
ting  from  ordinary  temperatures  (/o°  to  lp°)  to  40°  {viz. 
Q  13.39  to  i3-o6  per  cent,  nitrogen)  6ut  remains  practically  i 
tamejigure  when  nitrating  at  60°  or  So". 

The  principal  influence  of  tke  temperature  of  nitration  : 
"ted  upon  tke  yield,  which,  when  passing  from  the  ordinat 
\igker  temperatures,  constantly  falls.  This  does  not  tak 
e  by  direct  solution  of  cellulose  proper ;  first  the  cellulos 
If  is  rapidly  nitrated,  and  the  nitrocellulose  formed  is  then 
11  partially  dissolved,  all  the  more  quickly,  the  higher  th 
perature. 

By  nitrating  at  higher  temperatures  the  structure  of  ii 
ilose  is  changed.  It  becomes  short  and  fragile  ;  that  obtaine 
0°  or  80°  is  a  finely  fibrous  powder  after  drying. 
:  the  proportion  of  sulphuric  to  nitric  acid  is  larger  than  th 
al  3:1,  the  loss  of  yield  and  the  solubility  on  raising  tb 
perature  of  nitration  are  even  more  strongly  pronounced 
h  1 1  sulphuric  to  i  nitric  acid  an  increase  by  a  few  degrees  c 
perature  has  the  same  effect  as  zo"  or  30°  with  the  acid  pre 
tion  3  :  I. 

t  is  also  necessary  for  each  temperature  to  find  out  the  mo; 
able  duration  of  the  action  of  tke  acids.  At  the  ordinary  teu 
ilure  there  is  a  wide  margin  in  that  respect,  but  at  highe 
peratures  we  observe  that  the  nitrogen  percentage  rises  a 
t  and  on  longer  action  decreases  again.  Thus  the  same  ad 
Lture  (3  :  1)  at  a  temperature  of  32°  produced  the  followin 
ogen  percentages: 


1 30  13.40 

lence  the  maximum  was  reached  in  this  special  case  after  a 
ir's  action. 

^ooking  at  all  circumstances,  we  conclude  that  in  manufactui 
guncotton  the  ordinary  process  of  not  exceeding  a  tempen 
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ire  of  25°  during  the  nitration  is  right.  We  thus  obtai 
Qum  percentage  of  nitrogen  and  a  maximum  yield 
:asonable  time. 

We  now  pass  to  collodion  cotton,  where  a  somewhat  hi 
le  ordinary  temperature  is  frequently  employed  in 
[ere  the  mixture  of  acids  was  employed  which  is  men 
ection  III,  C,  Experiment  7  ;  w>.,  38.95  H,SO„  42.1 
5.90  H,0.     The  results  were  : 

Time  of  Solubilicv  in 

nitnlion.        Nitrogen.        elher^Icohol. 
No.         TemperatUTe.    Honn.  Percent.  Percent.  P 

14  17°  4  n-5o  9560 

LS  17°  M  11-59  99'8i 

16  40°  4  "-49  9958 

17  60°  1/4  ri.46  99-7' 

18  fo-"  4  lO-Si  99.81 

At  17"  the  nitration  is  practically  completed  in  foi 
le  yield  is  rather  larger  than  at  40°,  but  the  so/uH/if) 
uite  so  good,  the  product"  dissolving  both  more  slowlj 
ampletely. 

At  40°  the  solubility  is  excellent,  the  yield  decidedlj 
ie  nitrogen  percentage  is  normal. 

At  60°  about  the  same  result  was  accomplishe 
uarter  of  an  hour;  after  this  the  nitrogen  percentage  v 
'he  structure  of  the  cotton  is  to  a  great  extent  destroy 
;mperature.  Although  Experiment  4  showed  that 
ood  a  percentage  and  solubility  can  be  attained  at  6c 
jurth  hour,  as  at  40°  in  four  hours,  the  change  of 
»ms  to  have  ulterior  consequences,  for,  as  I  am  infor 
^liable  practical  authority,  the  collodion  cotton  made 
igh  temperatures  does  not  yield  vegetable  silk  fit  for 
robably  simultaneously  with  the  change  of  morphologi 
ire  the  cellulose  molecule  is  also  changed. 

Our  conclusion  is  that  about  40°  is  the  best  tempe' 
btainiog  collodion  cotton,  as  this  gives  a  maximum  of 
ithin  a  reasonable  time  (four  hours),  with  no  change 
ire  and  comparatively  little  danger  of  overdoing  the  ai 
r.  influence  of  Varying  the  Proportion  of  Sulpkuri 
Nitric  Acid. 

The  only  observation  I  have  found  in  the  at>ove  resp 
'ieille' :  "A  great  excess  of  sulphuric  a  id  influences 
lie  speed  of  the  reaction  which  is  greatly  lessened." 

mpt.  rend..  1895.  p.  iji. 
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'he  first  series  of  experiments  was  made  in  cooperation  with 
intraub.  Each  time  2.5  grams  cotton  were  taken  with  30 
ms  nitric  add  (sp.  g:r.  i  .52)  and  varying  quantities  of  sulphuric 
1 ;  only  in  the  cases  where  very  little  or  no  sulphuric  acid  at 
was  employed  the  quantity  of  nitric  acid  bad  to  be  increased, 
>rder  to  soak  the  cotton  thoroughly  well.  Tbe  experiments 
e  made  at  the  ordinary  temperature,  wbich  at  that  time  was 
n  19°  to  20°  and  was  kept  quite  constant  during  the  sbortet 
■eriments,  but  became  somewhat  lower  during  the  nights, 
:bing  15°  and  even  13°.  Section  III,  D,  shows  that  this 
lid  have  no  perceptible  influence  on  the  results  in  the  case 
nixtures  containing  up  to  3  sulphuric  to  i  nitric  acid.  Special 
■eriments,  described  in  our  German  paper,  show  that  the 
erence  between  13°  and  20°  is  perceptible  when  the  proportion 
lulphuric  to  nitric  add  is  7  :  i  and  more  so  when  it  is  11:1, 
not  to  the  extent  of  altering  the  conclusions  to  be  drawn. 


Table  I. 

One-half  hour. 

Twenty 

tourhoun. 

Three  daya. 

Snlphnik 

;    NilTCnen.        Yield. 

Yield. 

Nitrogen.       Yield. 

add. 

Per  cent.' 

Pet  cent 

Percent.       Percent. 

^ 

"'■X 

i6a.75 

ia.63 
13.66 

"63.3a 
165.03 

1 

13-45 

175-69 

1344 
I3-4J 

175.77 
175- " 

"3-36 

174-56 

13-39 

174-75 

13.13 

174.14 

i3-3a 

175-98 

3 

ia.7a 

166.14 

13-40 

176.44 

13-38          175-55 

4 

i3-» 

175-12 

5 

8.'i4 

i^JM 

(35-44 

celluloM.) 

13.10 

166.60 

Table  II. 

Three  <l.yi. 

Sight  dayi 

Fifteen  dayit 

i 

■a 

"Z      '     '" 

-e 

\ 

III 

■1 

%       |l 

■6% 

III  U  ,1  Hi 

1     II 

I2 

tH       tl 

U 

;»£  1 

£        -^i      s   £ 

7  lasi 

163.40 

0.85      .... 

13 

.74    169-80    none 

151.60 

10.46      .... 

1088 

144.63 

Thirty  days. 

8     .... 

10.7  77 

.70     153.0       4.48 

9    77-4 

much    .  - .  ■ 

■--■        5-43 

65.0 

41.1a    . 
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The  cODclusioas  arrived  at  from  that  series  were  as  k 
1.  With  ike  increase  of  the  quantity  of  sulphuric  add 
of  the  process  decreases  rapidly.  Up  to  equal  parts 
and  nitric  acid  the  final  stage  of  nitration  is  reached 
hour.  With  acids  in  the  proportion  of  3  :  i  the  first 
brings  us  only  to  12.72  per  cent,  nitrogen,  the  final  st 
13.40  per  cent,  nitrogen  ;  with  8  :  i  the  final  stage  is  m 
even  after  eight  days,  and  only  after  thirty  days  is  it 
11.70  per  cent,  nitrogen. 

3.  The  maximum  of  nitrogen  percentage  of  the  p 
obtained  if  the  proportion  of  sulphuric  to  nitric  acid  i 
than  ///  .■  /,  and  not  more  than  3  :  i.  Above  3  :  i  the 
percentage  falls  first  slowly,  then  more  rapidly,  but  we 
overlook  that  with  a  very  g^reat  excess  of  sulphuric  acii 
ence  of  a  few  degrees  of  temperature  equally  affects  1 
very  seriously.  (Compare  the  more  detailed  investigati 
point  further  on.) 

J.  Above  a  certain  proportion  of  sulphuric  to  nitric 
parently  8  :  /)  the  final  product  always  contains  t 
cellulose. 

4.  An  excess  of  sulphuric  acid  affects  also  the  st) 
nitrocellulose.  When  employing  pure  nitric  add  or  up  I 
phuric  to  I  nitric  acid,  the  fibers  contract  and  become 
sisting.  Beyond  7  :  i  the  cellulose  fibers  are  destroyei 
drying  fall  into  a  finely  fibrous  powder. 

These  experiments  had  shown  that  with  nitric  add 
nitration  cannot  be  driven  beyond  decani trocellulose. 
cotton,  consequently,  might  be  prepared  with  nitric  at 
but  practically,  this  is  never  employed,  since  by  the  at 
sulphuric  add  a  great  saving  of  nitric  add  and  of  time  i: 
There  is  not  very  much  known  about  the  best  proportioi 
for  preparing  collodion  cotton ;  the  published  statemi 
from  I  sulphuric  to  i  nitric  add  up  to  6  :  1,  and  are  pa 
dedly  misleading  (compare  above  sub  C).  We  have  i 
III,  C,  shown  the  results  obtained  with  that  proportioi 
which  is  probably  the  best  for  collodion  cotton  ;  viz.,  at 
with  from  18  to  20  per  cent,  water  in  the  mixture.  I 
the  results  of  experiments  (with  Bebie),  intended  to  st 
completely  the  conditions  of  making  collodion  cotton  w 
ing  the  quantities  of  the  adds  and  the  proportions  of  w: 


RESEARCHBS  ON   NITSOCELLULOSB. 


Pmiti 
HNO|. 

H,SO^ 

Percent. 

HNO). 

H,0. 
Per  cent. 

Nitrofcen 

Solubility 
Peretoi. 

Petcen 

3 

6l.lS 

31.91 

15.91 

13-31 

3.30 

174 

3 

6153 

30.O3 

18.45 

41 

98.70 

160 

3 

60.30 

19.71 

19.99 

73 

99.18 

I.S7 

3 

58.88 

19.60 

ai-sa 

96 

99.50 

148 

3 

59.77 

20.94 

19.39 

74 

99.98 

'59 

3 

58..VI 

30.63 

31.04 

90 

99.10 

149 

,1.8 

S3.84 

16.96 

19.10 

08 

161 

,1.8 

61.53 

16.46 

11.01 

31 

•53 

.V8 

63.84 

16.96 

19.30 

76 

"56 

.V8 

6j.5a 

.6.46 

31. Ol 

w 

151 

.S 

67.60 

13.66 

18.74 

43 

167 

S 

66.37 

.  13.04 

30.59 

66 

148 

5 

64.85 

14.90 

10.35 

S.1 

140 

5 

64.11 

13.6a 

33.37 

9 

35 

o.  I,  prepared  with  too  little  water,  is  still  a  guncotton.  No. 
evidently  identical  with  Mendelejefl's  "  pyrocollodion, "  both 
3  its  nitrogen  percentage  and  its  solubility.  The  remainitig 
pies  are  collodion  cotton  of  various  nitrogen  percentages  and 
ous  yields, 
he  differences  between  this  series  and  the  experiments  described 
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DlBKram  1. 

lection  III,  C,  where  the  proportion  of  acids  was  i  :  i ,  is  made 
J  clear  by  the  diagram  appended  here,  in  which  the  former 
es  (with  acids  —  i  :  i )  is  represented  by  the  dotted  line  ;  the 

curve  I  shows  the  results  obtained  with  sulphuric  to  nitric 
1  =  3:1;  total'  acids  =  30  to  i  cellulose  ;  curve  1  refers  to 

same  proportion,  but  1 2  adds  to  i  cellulose ;  curve  3  refers  to 
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the  acid  proportion  of  5  sulphuric  to  i  nitric  acid,  and  a 
;o  acids  to  i  cellulose  ;  curve  4  refers  to  the  same  propo 
acids,  but  8  total  acids  to  i  cellulose. 

We  see  that  the  proportion  of  water  being  equal,  an 
sf  the  sulphuric  acid  from  the  proportion  i  :  i  to  3  :  i  c 
increase  of  0.63  per  cent,  nitrogen  in  the  product  if  the 
tion  of  total  acids  is  30  to  i  cellulose,  and  an  increase 
half  as  much,  say  0.3  per  cent,  nitrogen,  if  the  total  i 
12  :  I  cellulose.  When  increasing  the  proportion  of  wi 
nitrogen  percentage  decreases  quite  as  much  with  the  s 
portion  of  3  sulphuric  to  i  nitric  acid,  as  with  i  :  i. 

The  acid  proportion  3.8  ;  i  yields  practically  the  same  n 
3:1,  and  no  curve  has  been  drawn  for  this  reason. 

With  the  acid  proportion  5  :  i  there  was  a  very  sligh 
nitrogen  percentage  in  comparison  with  3:1,  but  onl 
smploy  30  acids  to  i  cellulose  ;  if  this  quantity  is  lowe 
adds  to  I  cellulose,  the  nitrogen  percentage  of  the 
strongly  decreases.  In  the  former  series  of  experimen 
bad  been  a  slight  decrease  of  nitrogen  with  this  prop< 
acids ;  evidently  there  is  not  much  difference  either  way. 

All  these  experiments  were  made  at  the  ordinary  tern; 
uid  the  nitration  lasted  twenty-four  hours.  Experimen 
with  the  same  acid  proportions  (1:3,  i  :  3.8,  i  :  5)  at  35' 
that  exactly  the  same  results  could  be  obtained  at  that  t 
ture  in  two  hours. 

In  the  next  following  series  of  experiments,  it  iCas  m; 
keep  the  proportion  of  nitric  acid  to  that  of  water  perfectly 
ind  to  vary  only  the  suipkuric  acid  proper.  For  that  purj 
(tarted  with  nitric  add  (sp.  gr.  1.40)  containing  184  part 
:o  100  parts  H,0,  and  added  to  this  varying  quantities  of 
: rated  sulphuric  acid,  but  as  the  latter  contained  5.09  H,Oi 
tI,SO„  this  5  per  cent,  of  water  was  always  compensated 
ng  the  calculated  quantity  of  stronger  nitric  add  (sp.  gr, 
10  that  the  proportion  of  HNO,  to  H,0  remained  alw 
learly  as  possible  the  same.  Of  course,  the  add'  mixttu 
Jways  analyzed  before  use. 

The  experiments  were  made  at  the  ordinary  temperat 
asted  24  hours. 

Up  to  33  per  cent.  H,SO,,  there  was  always'  unchangec 
Qse  left.     On  trying  to  estimate  this  it  was  found  that  the  1 
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bribed  in  Section  II,  F,  did  not  yield  very  reliable  results, 
]g  to  the  formation  of  oxycellulose.  I  shall,  therefore,  not 
te  these  experiments  in  detail,  hut  describe  only  their  general 
■acter. 

ven  nitric  add  of  1.4  specific  gravity  by  itself  causes  a  partial 
ition,  but  about  63  per  cent,  cellulose  remained  unchanged, 
ixyccllulose  being  formed  here.  The  product,  as  a  whole, 
ained  1.49  per  cent,  nitrogen,  and  the  nitrated  portion  alone 
::alculatiou  4.00  per  cent,  nitrogen,  which  corresponds  to 
irocellulose  (0,,.  . .).  As  this  product  has  never  been  obtained 
vhere,  many  attempts  were  made  to  isolate  it  by  the  action  of 
ents,  or  to  prepare  it  otherwise  in  a  purer  state,  but  in  vain, 
y  addition  of  5  per  cent.  H,SO,  some  oxycellulose  was  formed, 
product  contained  about  58  per  cent,  unchanged  cellulose, 
2.15  per  cent,  nitrogen;  Irinitroceliulose  {Q,^ .  . .)  yio\x\A  con- 
5.36  per  cent,  nitrogen.  Here,  as  well,  it  was  not  found  pos- 
:  to  isolate  the  products  as  a  chemical  individual, 
omit  a  description  of  the  next  experiments,  with  more  sul- 
ric  acid,  where  the  mixture  of  nitrocellulose  with  oxycellulose 
cellulose  could  not  be  properly  unraveled,  and  I  pass  on  to 
e  where  products  free  from  unchanged  cellulose  were  obtained, 
loying  about  25  parts  by  weight  of  nitric  acid  and  14  parts 
;r  to  I  cellulose,  the  quantity  of  sulphuric  acid  being  varied. 


^f^. 

HNO,. 
Per  cent. 

H,0. 
Percent 

?i\^. 

^"^l 

Pereei 

41.86 

35.8a 

".33 

9.37 

14-31 

134 

3847 

40.19 

3.1 

34 

10.31 

93-30 

143 

40.83 

38-72 

SO 

45 

10.76 

98-34 

151 

41.9a 

37-40 

"9 

68 

ir.oi 

98.90 

153 

48.03 

34-18 

17 

79 

ia.33 

99-58 

155 

49-37 

33-38 

"7 

35 

13.77 

99-83 

166 

50-71 

33-50 

16 

79 

I  J.  01 

99-33 

165 

53-8  f 

31-37 

'5 

93 

13-11 

7-65 

167 

54-93 

30.06 

15 

01 

1345 

3.63 

173 

33 

he  product  of  No.  15  was  treated  by  a  solvent  indicated  to 
by  Dr.  Bronnert  as  acting  upon  nitrocelhiloses  below  octoni- 
ellulose;  viz.,  a  solution  of  4  parts  calcium  chloride  in  100  parts 
hoi  of  95  per  cent.  This  solvent  extracted  iu  the  cold  about 
)er  cent.,  on  boiling  with  reflux  cooler  another  35  per  cent., 
the  remaining  product  contained  almost  exactly  as  much  ni- 
:en  as  the  raw  product ;  viz.,  9.32  per  cent.     The  portion  in- 
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soluble  in   ether-alcohol   is   practically    pure    hexanUt 
(—  9,17  per  cent,  nitrogen), 

Nos.  16,  17,  18,  and  igbelong  to  the  groupof  collodio 
and  call  for  no  special  remark.  By  a  slight  increase  of  s 
acid  we  get  to  a  product,  No.  20,  having  the  exact  coi 
of  decani trocellulose  C theoretically  12.78  per  cent,  nitro^ 
still  completely  soluble  in  ether-alcohol.  Even  No.  21,  w 
per  cent,  nitrogen,  is  still  completely  soluble.  This  is 
proof  that  various  forms  of  decanitrocellulose  exist  ; 
Vieille  and  myself  (with  Weintraub)  had  previously 
t'nWu^/i?  decanitrocellulose  (compare  Section  III,  G). 
had  worked  with  more  concentrated  adds;  now,  with  mc 
a  soluble  decanitrocellulose  was  obtained,  which  Eder 
prepared  before. 

Sir  H.  E.  Roscoe,  on  the  occasion  of  the  "  Cordite 
had  also  been  able  to  make  both  soluble  and  insoluble  n 
lose  containing  iz.8  per  cent,  nitrogen.  H.  C.  Aspinw 
tioDs  that  he  obtained  soluble  nitrocellulose  with  12.91 
nitrogen. 

These  facts  are  of  technical  importance  ;  for  in  the 
ture  of  blasting  gelatine  and  other  blasting  agents  it  is 
portant  to  employ  products  soluble  in  ether-alcohol,  Tvitl 
mum  0/ nitrogen.  A  discussion  at  a  meeting  of  the  N 
Section  of  the  Society  of  Chemical  Industry'  shows  thai 
ditions  for  obtaining  such  products  are  not  generally  kn 
probably  they  have  been  laid  before  the  public  for  the 
by  this  present  investigation. 

By  further  increasing  the  quantity  of  sulphuric  acid 
bility  suddenly  dropped  to  a  minimum,  with  a  very  si 
of  nitrogen  percentage.  The  last  experiment,  No.  2 
practically  pure  endecanitrocellulose ,  that  is  the  best  % 
obtained  in  ordinary  manufacturing  practice.  This  v 
with  a  remarkably  high  dilution  of  15  per  cent,  water  in 
mixture,  while  in  practice  much  more  concentrated 
generally  employed.  It  was  just  this  circumstance  « 
us  to  further  investigate  the  conditions  for  reaching  t 
est  possible  state  of  nitration,  as  described  in  Section 
where  we  have  seen  that  these  highly   nitrated  produ 
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hed  with  11  to  12  per  cent,  water  in  the  acid  mixture,  while 
tures  with  6  down  to  ij  per  cent,  water  only  led  to  endeca- 
Krelltilose  or  little  beyond. 

;fore  closing  this  paper,  I  see  from  a  paper  by  Professor  Will 
received,  printed  for  private  circulation,  on  the  stability  of 
•celluloses  (compare  Section  III,  C  and  G)  that  under  equal 
itions  an  increase  of  the  sulphuric  acid  in  the  acid  mixture  ac- 
lies  the  decomposition  of  the  nitrocellulose.  Up  to  3  sulphuric 
ritric  acid  this  acceleration  is  but  slight,  but  it  increases  rap- 
beyond  thai  limit.  This  corroborates  the  conclusion  at 
:h  I  had  arrived  by  my  own  experiments  ;  viz.,  thatforman- 
hiring  gunwtton  of  a  high  percentage  of  nitrogen  it  is  advisable 
ork  with  a  proportion  of  three  parts  sulphuric  to  one  of 
c  acid,  but  no  more  than  this  quantity  of  sulphuric  acid.  Thus 
naximum  of  nitrogen  percentage  and  nearly  the  maximum  of 
lity  will  tfe  attained  (1.  e.,  if  the  advice  is  followed  given  at 
x)ndusion  of  Section  III.  C,  concerning  the  proportion  of 
r). 

>r  the  manufacture  of  collodion  cotton  there  is  no  reason  for  ex- 
ng  the  proportion  of  equal  parts  of  sulphuric  and  nitric  acids, 
from  iQ  to  2o  per  cent,  water  in  the  mixture. 
F.  Formation  of  Oxycellulose  in  the  Nitrating  Process. 
have  mentioned  above  that  with  more  dilute  add  mixtures 
cellulose  is  evidently  formed,  and  probably  nitrooxy cellulose 
Jtesent  as  well.  Previously  Bronnert'  and  Vignon'  have 
:ed  this,  and  they  assert  that  also  with  concentrated  acids 
:«llulose  is  formed.  This  question  seemed  to  require  further 
idation. 

ignon  founded  his  opinion  on  the  observation  that  both 
ited  cellulose  and  nitrated  oxycellulose  reduce  Fehling's  solu- 
,  and  that  this  is  independent  of  the  degree  of  nitration.  It 
iwever  a  fact  that  other,  probably  more  characteristic,  reagents 
)xycellnlose  do  not  act  in  the  same  way.  The  usual  reaction 
oxycellulose  is  its  behavior  towards  basic  coloring-matters, 
cially  methylene  blue,  and  this  was  applied  to  the  case  in 
ition. 

or  each  test  0,5  gram  of  the  product  to  be  examined  was 
ted  on  the  water-bath  with  1 50  cc.  of  a  5  per  mille  solution  of 

BuOttin  dt  MulAouu,  I9B. 

Compt,  rcMit,,  Scptembcc  10,  1900. 
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methylene  blue  during  an  hour,  and,  after  cooling,  10c 
compared  with  100  cc.  of  the  original  solution  in  a  Lumi 
huhn  colorimeter  in  order  to  ascertain  the  loss  of  colorin 
The  following  results  were  obtained  : 


o  (pure  ccllnloae)  o.ooii 

13.65  0.0010 

13.  J I  0.0009 

13.76  o.ooii 

1 3.05  O.OOJt 

10.93  0.0036 

8.40  coi'io 

This  shows  that  the  products  obtained  with  concentr 
contain  no  oxycellulose,  but  those  obtained  with  dilate 
contain  such,  and  further  tests  confirmed  this.  The  s: 
was  obtained  with  Schiff 's  reagent  for  aldehydic  groups  ( 
of  fuchsine  decolorized  by  sulphuric  add). 

G.  Solubiliiy  0/  Nilrocelluloses  in  Elher-Alcohc 

I  have  had  to  refer  on  many  previous  occasions  in 
to  the  solubility  of  nitrocelluloses  in  ether- alcohol,  by 
understand  a  mixture  of  3  parts  ether  with  i  part  alcol 
I  quote  in  the  first  instance  some  experiments  mad 
with  a  view  of  deciding  the  behavior  of  decanitrocellul 
regard. 

By  the  action  of  nitric  acid  (sp.  gr.  1.5)  mixed  witl 
of  its  weight  of  sulphuric  acid  (sp.  gr,  1.84),  during  ti 
hours,  a  product  was  obtained  containing  12.76  per  c 
gen  ;  that  is,  practically  pure  decanitroccllulose.  Th 
was  as  good  as  insoluble  in  ether-alcohol  to  which  it  yi 
2.1  to  2.25  per  cent.  The  microscope  showed  a  ver 
structure  ;  all  fibers  flashed  up  blue  in  polarir.ed  light 
this  product  was  most  probably  really  an  insoluble  deca 
lose. 

By  nitrating  as  Vieille  had  done,  with  pure  concentr 
acid,  the  same  result  was  obtained. 

When  increasing  the  proportion  of  sulphuric  to  nitrii 
3:1,  the  nitrogen  percentage  very  slowly  falls,  but  th 
in  ether-alcohol  rises. 

By  the  action  of  a  mixture  of  6  sulphuric  to  i  nitric  1 
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eendays  a  product  was  obtained  with  12,78  per  cent,  nitro- 

predsely  like  the  percentage  of  decanitrocellulose,   but  it 
lined  19.17  per  cent,  soluble  and  80.83  P*'  c^ot.  insoluble 
!T,  the  latter  showing  13.08  per  cent,  nitrc^en. 
our  later  experiments  we  obtained  (Sec.  Ill,  C,  No.  3)  by  the 
D  of  41.03  per  cent,  sulphuric  acid,   44.45   per  cent,    nitric 

14.52  per  cent,  water  a  product  with  12. 76  per  cent,  nitrogen 
lich  22  percent,  was  soluble.  I  have  pointed  out  before, 
these  results  prove  the  product  to  have  been  mixtures  of 
us  degrees  of  nitration. 

t  in  Section  E,  No.  ao,  we  find  a  product  with  the  exact 
ntage  of  decanitrocellulose,  completely  soluble  in  ether- 
ol  (produced  by  the  action  of  49.37  per  cent,  sulphuric, 

per  cent,  nitric  acid,  and  17.25  per  cent,  water). 
;  this,  tc^ether  with  the  results  of  Roscoe  and  of  Aspinwall, 
s  that  it  is  wrong  to  put  the  question  in  this  way : 
.  nitrocellulose  of  12.78  per  cent,  nitrogen,  that  is  of  the 
ntage  of  decanitrocellulose,  soluble  in  ether-alcohol  or  not  ? " 
lave  seen  that  by  varying  the  proportions  of  acids  and  water 
e  nitrating  mixture,  quite  a  number  of  products  may  be 
ned  possessing  the  above  nitrogen  percentage,  but  varying 
lubility  from  o  to  100  per  cent.  ;  and  evidently  constitu- 
quite  different  mixtures  of  such  compounds. 
fortiori  we  cannot  acknowledge  as  true  decanitrocellulose  the 
icts  obtained  by  Eder  when  treating  for  an  hour  and  thus 
ving  collodion  cotton  in  nitric  acid  (sp.  gr.  1.40)  at  60", 
b  products  contained  13.02  and  12.84  P^i"  cent,  nitrogen  and 
easily  soluble  in  ether-alcohol.  By  such  energetic  treatment 
produced  by  solution  in  hot  nitric  acid,  the  cellulose  molecule 

be  thoroughly  altered.  When  repeating  Eder's  experiments 
t>tained,  by  slightly  changing  the  temperature,  the  time,  and 
[uandty  of  acid,  all  sorts  of  products  varying  between  9.84 
12.4  per  cent,  nitrogen  ;  but  we  did  not  reach  12.78  per 
The  solution  at  first  yields  a  precipitate  with  sodium 
mate  ;  by  longer  digestion  this  property  is  lost.  It  then 
ot  contain  either  cotton  cellulose  or  a  nitric  acid   ester  of 

as  both  would  be  precipitated  by  sodium  carbonate.  Kvi- 
ly  by  the  above  treatment  a  variety  of  carbohydrates  and  their 
tton  products  is  formed,  among  which  there  may  be  some 
}le  compound  of  the  percentage  composition  of  decanitrocel- 
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lulose»  but  quite  different  from  the  compound  prepared  in  the 
usual  way. 

In  this  respect  it  is  most  interesting  to  note  that  it  is  possible 
to  prepare  nitrocelluloses  soluble  in  ordinary  alcohol  (95  per  cent). 
When  making  the  last-mentioned  experiments  (with  pure  nitric 
acid),  we  frequently  got  products  containing  11  to  11. 16  percent, 
nitrogen  which  dissolved  in  alcohol  with  the  greatest  facility.  This 
is  the  composition  of  odoniirocellulose  (11. 13  per  cent,  nitrogen), 
which  according  to  Eder  should  be  insoluble  in  alcohol !  These 
products  are  also  soluble  in  concentrated  nitric  acid.  Evidently 
they  belong  to  a  different  class  of  compounds. 

But  it  is  even  possible  to  obtain  a  compound  of  the  composi- 
tion of  decaniiroceUulose,  which  is  soluble  in  alcohol.  Honig  and 
Schubert^  and  Blondeau  deCaroUes'  have  described  sulphuric  add 
esters  of  cellulose,  soluble  in  water,  which,  when  treated  with 
alcohol,  regenerate  substances  of  the  composition  of  cellulose, 
partly  soluble,  partly  insoluble  in  water.  When  triturating  celln- 
k>se  with  a  small  quantity  of  concentrated  sulphuric  add  in  a 
glass  mortal-  and  adding  to  this  a  cold  mixture  of  3  parts  concen* 
trated  sulphuric  acid  and  i  part  concentrated  nitric  acid,  we 
obtained  nitrated  products  of  snow-white  color,  soluble  in  alco- 
hol, insoluble  in  ether  and  showing  a  nitrogen  percentage  vary- 
ing with  the  temperature  ruling  during  the  action  and  the  quan- 
tity of  sulphuric  acid.  Even  when  trying  to  keep  to  the  same 
conditions,  the  products  varied  from  10.22  to  11.29  per  cent 
nitrogen.  By  operating  as  follows  we  got  up  to  much  more 
highly  nitrated  products.  About  2  grams  of  dry  cellulose  are  com- 
pletely dissolved  in  50  cc.  concentrated  sulphuric  add  and  at  once 
mixed  with  25  or  30  cc.  concentrated  nitric  add,  gradually  run 
in  from  a  drop  funnel.  The  temperature  should  not  rise  over  15^ 
which  is  secured  by  surrounding  the  vessel  with  ice.  Now  the 
mixture  is  allowed  to  stand  at  the  ordinary  temperature,  which 
leads  to  the  precipitation  of  a  soft  plastic  mass.  After  twelve 
hours  the  whole  is  poured  into  a  large  quantity  of  water  and  this 
produces  a  precipitate  of  the  following  properties  :  It  is  a  floccu- 
lent  white  powder,  soluble  in  acetone,  acetic  ether,  ethyl  alco- 
hol, methyl  alcohol ;  it  is  precipitated  by  water  from  the  alco- 
holic solution  as  a  gelatinous  mass  and  can  be  purified  in  this 

1  Monatsh.  Cktm.,  6,  708,  and  7,  455. 
^J.prakt.  Chem.,  [a],  3a,  427. 
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ner.  In  concentrated  nitric  acid  it  dissolves  with  the  greate 
ity.  Its  nitrogen  percentage  is  usually  from  12.60  to  12.6 
it  is  therefore  almost  equal  in  nitrogen  to  decanitrocellulost 
■ccasionally  weobtained  as  high  as  13. 80  per  cent,  nitrogen,  at 

this  product  was  soluble  in  alcohol !  We  must  probably  loc 
lese  products  as  nitrated  cellulose-dextrines  or  amyloids,  at 

must,  of  course,  not  be  confounded  with  true  nitrocellulose 
:tuming  to  the  nitrccelluloses  proper,   as  obtained  in  tl 

I  way,  we  find  that  products  soluble  in  ether-alcohol  may  I 
ined  almost  down  to  the  composition  of  heptanitrocelluloi 
[9  per  cent,  nitrogen)  and  up  to  decanitrocellulose  ( 12.78  p 

nitrogen),  or  even  beyond  this.  The  collodion  cotton  1 
nerce,  however,  belongs  more  to  the  medium  class  of  tl 
x>sition  of  octonitrocellulose  ( 1 1 . 1 3  per  cent. )  and  enneanitri 
lose  (11.98  percent.).  Where  a  high  nitrogen  percentage 
specially  desired,  but  complete  solubility  is  most  importan 

II  be  easiest  to  work  for  nitrogen  percentages  ranging  from  i 
.5percent.bymeansof  the  acid  mixtures  indicated  in  Sectic 
C,  Nos.  7  and  8,  with  nearly  equal  quantities  of  sulphur 
nitric  acids,  and  from  19  to  20  per  cent,  water.  These  nitn 
loses  are  insoluble  in  ordinary  95  per  cent,  alcohol,  as  wc 
1  pure  ether,  but  soluble  in  ab^lute  alcohol.  This  migl 
to  the  conclusion  that  in  the  ordinary  ether-alcohol  (3:1 
ilcohol  is  the  proper  solvent.     But  this  cannot  be  stated  as 

for  the  solability  in  absolute  alcohol  does  not  run  parall 
that  in  ether-alcohol.  The  former  rapidly  decreases  from  i 
»nt.  nitrogen  upwards  ;  at  1 2.04  per  cent,  nitrogen  it  is  on! 
er  cent. ;  the  tnie  decanitrocellulose  which  is  perfectly  solub 
her-alcohol,  yields  only  1.3  per  cent,  to  absolute  alcohol, 
number  of  experiments  were  made  to  determine  how  far  tl 
:ure  of  ether  (0.720)  and  alcohol  (0.810)  may  be  varied  fro 
isual  proportion  3:1.  A  nitrocellulose  of  11.54  per  cen 
igen  dissolved  easily  in  6  ether  to  i  alcohol  ;  only  95  p 
.  in  13  ether  to  i  alcohol.  In  the  last-mentioned  case,  324  c 
r  to  26  cc.  alcohol  dissolved  i  gram  nitrocellulose,  whii 
:.  alcohol  alone  would  not  have  done.  Amixtureof  27  ethi 
alcohol  dissolved  only  7.3  per  cent.,  on  treating  i  gram  wil 
cc. 

1  the  other  direction,  1/3  ether  to  1  alcohol  acted  as  a  cot 
;  solvent ;  1/6  ether  to  i  alcohol  dissolved  only  93  per  cent 
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but  evMi  with  1/5  ether  to  1  alcohol  the  solubility  was 
cent.  This  shows  that  the  proportions  of  ether  to  alcoh 
vary  within  very  wide  limits  from  the  usual  proportion  of 

I  append  here  the  results  obtained  by  examining  varic 
scriptions  of  commercial  collodion  cotton.  This  article,  as 
body  knows,  is  employed  for  extremely  different  purpos 
it  seems  likely  from  the  outset  that  its  properties,  and  he 
composition  and  preparation  should  varj-  accordingly 
collodion  cotton  intended  for  surgical  and  photographic  pti 
and  for  Chardonnet's  vegetable  silk,  complete  solubility  ii 
alcohol  is,  no  doubt,  the  roost  imperative  requirement, 
intended  for  blasting  gelatine,  that  is,  for  forming  a  set 
tough  mass  with  nitroglycerine,  from  s  to  7  collodion  cotti 
95  to  93  nitroglycerine,  a  high  nitrogen  percentage  sec 
sirable  together  with  solubility  in  nitroglycerine,  which  c 
ma  parallel  to  that  in  ether-alcohol.  Great  secrecy  is  o 
as  to  the  manufacture  of  collodion  cotton  for  both  purpos 
even  the  composition  of  both  is  not  sufficiently  well  knov 

A  sample  of  collodion  cotton  A,  manufactured  in  Belgi 
pressly  for  blasting  gelatine,  showed  12.33  per  cent,  nitro: 
a  solubility  of  95.5  per  cent,  in  ether-alcohol.  Its  en 
point,  198.5°,  was  almost  exactly  like  that  of  collodion 
B  made  for  vegetable  silk,  197",  and  very  little  above 
guncotton.  13.25  per  cent,  nitrogen  —  195°.  The 
heating  until  explosion  occurred,  varied  only  from  4'  4"  to 
The  Abel  test  (Section  III,  H),  in  the  case  of  guncotton  o 
after  15'  to  17' ;  in  that  of  collodion  cotton  B  after  20'  to  2. 
ton  A  did  not  give  any  result  even  after  several  hours,  e^ 
owing  to  some  admixture  preventing  the  coloration  of  t 
paper. 

We  might  infer  from  the  above  that  collodion  cotton,  ii 
for  the  manufacture  of  blasting  gelatine,  should  contai 
nitrogen  than  that  which  is  intended  for  dissolving  in  eth 
hoi.  It  should  be  prepared,  according  to  our  previous 
ment,  with  acid  mixtures  containing  about  18.5  percent 

I  conclude  this  section  with  a  few  words  on  a  paper 
niemsky'  who  has  derived  from  Bruley's  experiments  a  1 
for  calculating  the  nitrating  mixtures  leading  to  prod 
definite  nitrogen  percentages  and  definite  solubilities. 

■  Mtm.dapaudtaet  talpltrti,  lo,  &<. 
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>lecule5  HNO,  as  unity  (^  i),a[id  denoting  i  mol.  H,SO(  by 

mol.  H,0  by  r,  he  calls  the  magnitude  (i +  «)—<■=  the 
aracteristic  "  of  the  mixture.  He  asserts  that  mixtures  with 
'  o  yield  products  with  much  uitrt^en  and  low  solubility, 
lures  with  ft<Co,  soluble  products,  of  which  those  where  ft  is 

a  lilce  above  —  t ,  contain  the  maximum  of  nitrogen. 

was  not  likely  from  the  outset  that  the  incomplete  materials 
fhich  Kisniemsky  disposed  would  lead  to  a  mathematical 
lulation  of  the  chemical  action  in  question,  an  ambition  which 

not  even  entertain  for  the  much  more  complete  materials 
ed  in  this  paper.  It  may  suffice  to  state  that  the  indications 
led  by  his  formula  are  quite  uncertain  and  in  many  cases  of 
p-eatest  importance  they  would  be  directly  misleading.  At 
vents  they  are  useless  for  practical  work. 
Influence  of  the  Lower  Oxides  0/  Nitrogen  in  tAe  Acid  Mixture 

on  the  Stability  of  the  Nitrocelluioses. 
very  description  of  commercial  nitric  acid,  at  least  of  higher 
agth,  contains  lower  oxides  of  nitrogen.  It  is  uow  generally 
jned  that  in  concentrated  nitric  acid  (and  we  here  deal  only 
1  such)  the  loweroxides  consist  essentially,  if  not  exclusively, 
itrogen  tetroxide,  N,0„  formerly  called  "hyponitric  acid,"  and 
orally  considered  as  the  mixed  anhydride  of  nitrous  and  nitric 
,  NO — O — NO,.  This  view  is,  of  course,  greatly  complicated 
he  fact  that  the  vapor  of  nitrogen  tetroxide  begins  to  split 
when  heated  above  its  boiling-point,  into  molecules  of  NO,, 
il  at  about  160°  only  such  exist.  But  we  need  not  go  into  a 
)retical  discussion  of  the  behavior  and  constitution  of  this 
or,  since  we  have  here  to  deal  merely  with  liquid  N,0„  and 

certainly  behaves  entirely  as  a  mixed  anhydride  in  presence 
itrong  sulphuric  acid,  the  reaction  being  H^SG,  -|-  N,0,^: 
,H  -\-  S0,(OH)C0N0);  that  is,  nitrogen  tetroxide  then  splits 
Into  equal  molecules  of  nitric  acid  and  nitrososulphuric  acid 
Eunber  crystals) . 

urely  the  above  reaction  is  a  reversible  one,  and  therefore 
must  assume  the  presence  of  some  N,0^  in  any  mixture  of 
)hnric  acid,  nitnc  acid,  and  nitrososulphuric  add ;  but  the  ex- 
istive  investigation  of  this  subject  by  Lunge  and  Weintraub' 

shown  that  the  amount  of  free  N,0,  is  extremely  small,  if 
Bidir.  ttnttw.  Chtm..  1899,  pp.  393  BDd  417. 
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there  are  equal  quantities  of  sulphuric  and  nitric  adds  ] 
and  is  reduced  to  mere  traces  where  the  sulphuric  add  pr 

Since  in  the  manufacture  of  nitrocelluloses  we  have  ali 
deal  with  a  mixture  of  strong  sulphuric  and  nitric  adds,  i 
assume  that  any  nitrogen  tetroxide  introduced  by  the  I 
converted  in  the  acid  mixture  half  into  nitric  add  and  h 
nitrososulphuric  add.  As  nitrososulphuric  add  is  a  de 
of  nitrous  add  and  easily  regenerates  the  latter  in  conta 
water,  alkalies,  etc.,  it  'v&  prima  facie  not  impossible  that  i 
form  nitrous  esters  with  cellulose  ;  and  even  mere  traces 
N,0,  might  lead  to  the  same  result,  since,  on  being  dc 
by  esterification,  they  would  be  re-formed  from  the  i 
of  nitric  and  nitrososulphuric  adds.  Now  the  nitrous « 
cellulose  might  tend  more  to  spontaneous  decompositic 
the  nitric  esters,  and  this  would  diminish  the  stat 
nitrocellulose.  All  this,  however,  is  entirely  bypothetit 
only  actual  experiment  can  show  whether  the  presence 
in  the  original  nitric  acid  does  or  does  not  affect  the  prop 
the  guncotton  manufactured  from  its  mixture  with  sulphn 

Berthelot'.when  saponifying  nitroglycerine,  found  aeons 
proportion  of  potassium  nitrite  along  with  nitrate.  But 
we  apply  this  observation  to  guncotton,  which  would  be  ( 
bitrary,  it  affords  no  proof  of  the  quantity  of  nitrous  estei 
nally  present  (not  formed  by  secondary  reactions)  and  i 
of  their  action  concerning  the  stability  of  the  guncotton. 

Practical  manufacturers  mostly  consider  the  presence  < 
oxides"  injurious  in  the  manufacture  of  both  nitrog! 
and  guncotton.'  But  I  can  find  no  proof  whatever 
opinion,  except  a  paper  of  Payen's,  from  the  earliest  cli 
of  nitrocellulose.'  He  states  that  "  hyponitric  add  "  dii 
both  the  yield  and  the  nitrogen  percentage  of  guncotton, 
guncotton  thus  produced  also  yielded  inferior  results  « 
ballistic  pendulum,  but  there  is  nothing  said  about  si 
Even  if  it  were  otherwise  we  could  not  acknowledge  that 
preparation  of  Payen's  as  a  fair  sample  of  guncotton  and  s 
proof  for  the  action  of  NjO^. 

Apart  from  the  question  of  stability,  I  have  found 

1  Csmpl.  rtmi.,  Scptembtr  ij.  1900. 

'  Compure,  for  Instance.  Ihe  ditciUHon  In  the  New  York  Section  of  the 
Chemical  Industiy.y.  See.  Cktm.  Ih4.,  igoc^  p.  £45. 
'  Compi.  ¥tnd..  .4,  86,  .847- 
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£rtioD  concemiag  the  aitrogen  percentage  and  yield  to  b 
>neous.  Id  i  S98  we  made  comparative  tests,  adding  to  a  mix 
e  of  3  pans  concentrated  sulphuric  and  i  part  concentrated  nitri 
1,  varioos  quantities  (»>.,  a.io,  6.43,  i2.oi  per  cent,  liquii 
-ogen  tctroxide)  but  with  the  first  two  mixtures  we  fount 
ictly  the  same  perceutage  and  yield,  and  only  when  addin] 
Di  percent.  N,0,,  the  nitrogen  fell  to  13.22  percent.,  stil 
te  a  respectable  figure.  In  1900  we  repeated  this  test,  employ 
a  mixture  of  60.71  percent,  sulphuric  acid,  30.67  per  cent 
nc  acid,  8.52  per  cent,  water,  to  which  were  added  (as  showi 
analysis)  various  percentages  of  nitrogen  tetroxide  with  th< 
owing  results : 

Nltregen  in 

N(04  gUBCOltOD,  Yield. 

Ko.  Percent.  Per  cent.  PerccDt. 

I  013  13.55  '74.53 

1  0.99  13.50  175.0a 

3  1-8*  '3-56  173-98 

4  515  13-56  175-60 

rhis  proves  that  contrary  to  Payen's  assertions  and  the  opinioi 
many  practical  men  the  presence  of  "  low  oxides"  far  abov 

proportion  ever  found  in  commercial  acids  kas  no  influenc 
alever  either  on  the  nitrogen  percentage  or  the  yield  of gutuotton 
[^his,  of  course,  does  not  touch  the  question  of  stability.  Befor 
ering  upon  this,  we  had  to  ascertain  which  of  the  variou 
thods  for  testing  the  stability  of  nitrocellnlose  was  both  trust 
rthy  and  applicable  to  our  case.  All  these  methods  are  em 
ical  and  to  a  great  extent  arbitrary,  for  they  assume  that  th' 
bility  during  a  long  period  of  ordinary  (summer)  temperatures 
IS  parallel  with  the  evolution  of  nitrc^n  oxides  during  a  shor 
le  of  heating  to  higher  temperatures.     This  may  not,  in  reality 

the  case,  but  I  could  not,  of  course,  go  behind  the  ordi 
ry  assumption,  and  it  was  merely  the  question  of  ascertaininj 
ich  method  it  would  be  best  to  choose  among  those  employei 
proposed  for  testing  commercial  guncotton. 
rhe  oldest  and  even  now  most  generally  employed  method  i 
lel's  heat  test,  which  is  too  well  known  to  need  descriptioi 
re.    The  principal  objection  to  it  is  that  it  fails  in  the  presenc 

mercuric  chloride  and  perhaps  of  other  substances  added  t 
mmerdal  guncotton  for  the  purpose  of  preventing  mildew,  bu 
is  of  course  could  not  interfere  with  our  experiments,  where  n 
ch  ingredients  come  into  play. 


570  G.   LDNGB. 

Principally  on  account  of  tbe  just- mentioned  drawbac! 
mann  proposed  diphenylamine  as  an  indicator,  to  be  emplc 
lite  the  potassium  iodide  in  the  Abel  test,  by  observinj 
streak  suddenly  appearing  between  the  wet  and  dry  pc 
the  test  paper.'  Thomas*  and  Spica*  reject  Guttmann's  t 
although  we  could  certainly  not  notice  the  sudden  a[^>ea 
the  blue  streak  asdescribed,  we  succeeded,  after  some  prs 
obtaining  sufficiently  concordant  results  by  means  of  tha 
will  appear  below, 

Spica  himself  recommends  metaphenylenediamine  whicl 
no  opportunity  of  testing,  as  }iis  communication  reached 
the  conclusion  of  that  part  of  our  work  ;  it  is  probable  t 
reagent  would  be  too  delicate  for  practical  purposes. 

Thomas  indeed  rejects  all  test  papers  as  being  too  s 
and  applies  a  pure  heat  test,  consisting  in  heating  the 
during  eight  or  ten  hours  at  ioo°  until  red  vapors  appeal 

A  most  interesting  discussion  on  stability  tests  in  the 
Section  of  the  Society  of  Chemical  Industry'  and  the  abc 
tioned  highly  important  paper  by  Professor  W.  Will,  prii 
private  circulation  by  the  New  Babelsberg  Central  Sta 
scientific  technical  investigations  in  December,  1900,  we« 
too  late  for  the  purposes  of  my  own  investigation,  but  th< 
not  have  affected  it  to  a  great  extent.  It  is,  however,  ver 
tant  to  notice  that  Will  comes  to  the  conclusion  that  tht 
obtained  by  the  Abel  test  (which  was  employed  in  read 
conclusions)  are  mostly  in  satisfactory  agreement  with  t 
tained  by  his  own  test ;  viz.,  estimating  the  quantity  of  1 
given  off  by  nitrocellulose  when  being  heated  to  135°  dui 
hours.  This  test  he  considers  to  be  much  more  indie 
the  stability  of  such  products  than  all  tests  founded  upon 
appearance  of  nitrous  vapors  as  utilized  in  all  other  tests 
lieve  therefore  we  have  a  right  to  say  that  the  conclusion 
from  the  following  experiments  are  based  on  a  tms 
foundation.  ' 

To  compare  the  stability  of  samples  of  guucotton  prepa 
or  without  "  low  oxides  "  of  nitrogen,  we  had  first  to  1 

■  J.  Sue.  Cliim.  Ind.,  1S97,  pp.  2SS,  193 ;  ZUchr.  atigear,  Oitm.,  1S97,  pp.  1} 
1*98,  p.  1103. 

'Ibid.,  1S98,  p.  1017. 

*  Mvniteur  Scitniijiqiu,  1900,  p.  313. 

*J.  See.  Chim.  Ind..  1901,  p.  8, 
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the  methods  employed  for  washing  the  product  affected  the 
.t  tests.  A  properly  nitrated  sample  was  washed  for  three 
■s  with  cold  water,  renewed  every  hour,  always  removing  the 
vions  water  by  a  vacuum  filter  ;  the  washing  was  continued 
three  days  with  hot  water  of  about  90"  in  the  same  way. 
If  of  this  sample  (A)  was  dried  in  a  current  of  dry  air  at  40",  the 
er  half  (B)  in  a  vacuum  desiccator  over  sulphuric  acid.  The 
:  (A)  stood  the  Abel  test  at  70°  for  4'i5",  the  second  (B)  for 
', — both  quite  insufficiently.  Since  Thomas  had  asserted  that 
test  sometimes  yields  results  entirely  opposite  to  the  Abel  test, 
subjected  another  sample  of  the  same  product  to  his  test,  by 
ins  of  an  oil-bath  provided  with  a  thermoregulator,  but  half  a 
ute  after  the  thermometer  had  marked  92°,  a  violent  ex- 
don  occurred,  shattering  the  whole  apparatus,  and  we  cannot 
:%fore,  in  the  interest  of  the  safety  of  the  manipulator,  recom- 
id  the  application  of  Thomas'  tests  to  samples  showing  a  very 
Abel  test.  Where  the  Abel  test  yielded  a  good  result,  we 
lied  Thomas'  test  without  any  accidents, 
fo  better  results  were  obtained  by  washing  during  seven  days, 
Jy  cold,  partly  hot,  with  mechanical  agitation  of  the  guncot- 
in  the  bath.  When  adding  to  this  treatment  another  day's 
hing  with  hot  water,  to  which  a  little  sodium  carbonate  was 
ed,  so  that  alkaline  reaction  existed  up  to  the  end,  and  assur- 
r  no  free  acid  could  be  left  in  the  fiber,  the  Abel  test  went  up 
f  to  8',  still  quite  an  insufficient  result, 

learly  the  cause  of  this  could  not  be  any  free  add  still  present 
he  guncotton  ;  one  must  think  of  unstable  products  formed 
the  action  of  the  acids  on  foreign  substances  present  in  the 
ulose  or  from  cellulose  itself  by  secondary  action.  Will  and 
ize'  have  examined  many  nitrated  carbohydrates  ( which  might 
:hought  of  in  this  respect)  for  their  stability,  and  found  them 
erally  very  unstable  ;  some  of  these,  even  when  previously 
>luble  in  water,  would  be  removed  by  boiling  with  water  for 
le  time,  which  is  an  operation  always  carried  out  in  manufac- 
ing  guncotton  on  the  large  scale. 

^nk  and  Cross'  remove  such  foreign  substances  by  means  of 
tone,  diluted  with  water  to  such  an  extent  that  it  does  not  dis- 
'e  the  guncotton  itself,  and  they  thus  obtain  an  Abel  test  up 

Srr.  d.  dUm.  G*i„  1S98,  p,  t». 
I.  Sat.  Oum.  Tmd^  191B.  p.  &41. 
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to  fifty-five  minutes.  Tliis  is  no  donbt  correct  but  we  su< 
quite  as  well  io  reaching  tbat  limit  without  the  above  tre 
by  merely  boiling  with  water  during  three  days. 

We  therefore  proceeded  in  all  further  experiments  as  f 
After  washing  out  most  of  the  acid  with  cold  water,  the  gu 
was  cut  into  minute  fragments  (to  imitate  the  action  of  tb 
ing  engine)  and  boiled  for  several  days  with  frequently  r 
water,  and  we  tfius  attained  a  sufficient  degree  of  stability 
unnecessary  to  say  that  we  had  started  with  highly  ] 
cotton  wool,  and  no  fatty  matters  or  other  accidental  im] 
could  influence  the  stability  of  the  product. 

The  following  comparative  tests  were  made  with  this  gun 

r  Abel  GutlDUDn  Tbanu 


The  tests  No.  i,  2,  and  3  were  made  at  different  times 
made  simultaneously,  the  tests  agreed  even  better  than  the 
There  is  a  distinct  parallelism  between  Abel's  and  Gutt 
tests,  although  the  absolute  values  are  naturally  different,  o 
the  difference  in  the  sensitiveness  of  the  reagents.  This  f 
ism  comes  out  very  well  in  the  graphical  delineation  of  the 
as  shown  here. 

Evidently  we  might  have  employed  either  Abel's  or  Gutt 
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for  our  purpose,  as  we  had  nothiag  to  do  with  the  ingre- 
ts  masking  the  foimer ;  and  as  the  final  point  is  rather  better 
^ed  in  the  fonner  than  in  the  latter,  we  adhered  to  Abel's 

I  order  to  apply  it  to  the  question  to  be  decided,  a  number  of 
isely  parallel  experiments  was  made,  with  the  only  difference 

in  each  case  one  nitration  was  made  in  the  absence  of  nitro- 
tetroxide,  the  other  in  the  presence  of  certain  quantities  of 
The  acid  mixtures  were  always  the  dame ;  the  operation 
carried  out  at  the  same  time,  the  products  being  washed  and 
1  precisely  in  the  same  way  and  tested  in  the  same  water- 
.     Unless  such  absolute  parallelism  is  kept  up,  the  results 

vary  and  may  be  deceptive,  as  proved  by  a  number  of  pre- 
lary  experiments. 

■ties  I. — ^The  nitrating  mixture  consisted  of  3  parts  sulphuric 
(sp,  gr.  1.84),  and  i  part  nitric  add  (sp,  gr.  1.52).  Half  of 
IS  mixed  with  4.93  percent,  nitrogen  tetroxide,  estimated  by 
ting  the  mixture  with  potassium  permanganate,  and  a  sufh- 

quautity  of  pure  nitric  acid  was  added  to  the  other  half  to 
sent  the  HNO,  formed  from  N,0.  according  to  the  reaction  : 

N,0,  +  H,SO,  =  HNO,  +  SOjNH. 
le  products  obtained  by  nitrating  cellulose  with  both  mixtures 
le  same  time,  were  freed  from  acid  by  pressing,  cold  wash- 
cutting  up  most  finely,  boiling  with  frequently  renewed 
T  for  four  days,  pressing  and  drying  for  six  days  in  a  vacuum 
%ator.  Each  time  a  sample  of  known  quality  (kept  in  the 
p  state  and  dried  immediately  before  the  experiment)  was 
d  along  with  the  other  samples  in  order  to  make  sure  of  the 
langed  sensibility  of  the  test-paper.  Usually  the  time  and 
)erature  of  explosion  was  also  ascertained  by  heating  o.oi 
1  in  a  test-tube  in  an  oil;bath.  The  samples  left  over  from 
Qg  were  taken  out  of  the  test-tube,  spread  on  large  watch- 
ies  protected  against  dust,  and  the  test  repeated  after  some 

treach  test  1.2  grams  dry  guncotton  were  weighed  out  and 
sample  tested  in  duplicate,  all  four  being  heated  at  the  same 
in  the  same  water-bath. 
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The  first  line  always  shows  the  time  required  for  the  i 
at  80°;  the  second  the  explosion  temperature;  the  third 
elapsing  before  an  explosion  occurs. 

The  Thomas  test  showed  for  samples  a,  two  and 
days ;  for  samples  b,  three  days  ;  for  samples  c,  three  da 

The  result  was  tkat  in  each  case  Ike  guncofton  prept 
nitrogen  peroxide  showed  a  distinctly  better  Abel  test  than 
pared  without  nitrogen  tetroxide.  Of  course,  I  am  far  fi 
eralizing  this,  but  I  am  bound  to  state  the  fact  as  four 
explosion  of  the  first  kind  of  guncotton  (samples  *) 
took  place  a  few  seconds  before  samples  a ,  and  at  o.  5  °  or 
temperature,  but  this  docs  not  appear  to  be  an  apprecial 
ence.  The  second  explosion  could  not  have  been  broug' 
by  the  first,  for  the  samples  c  throughout  maintain  their 
from  a  and  b,  although  heated  in  the  same  oil-bath.  1 
be  noted  that  there  is  no  parallelism  between  the  Abel 
the  explosion  test ;  the  samples  c.  strongly  inferior  a 
former,  required  a  considerably  higher  temperature  fore: 

The  fact  that  the  repetition  of  the  test  after  an  interv 
or  two  months  always  yielded  higher  results,  may  possib 
plained  by  the  slight  loss  of  nitrogen  during  the  testing 
ever,  it  is  remarkable  that  the  stability  was  not  dimini< 
considerably  raised,  by  repeatedly  heating  to  80°. 

The  Thomas  test  also  came  out  better  for  the  gunco 
pared  with  nitrogen  tetroxide  than  for  the  other  kind. 

Series  II. — The  addition  of  nitrogen  tetroxide  was  nc 
to  9.28  per  cent.  In  this  case  we  wished  to  determine 
yield,  for  which  purpose  the  mass,  each  time  when  the  w 
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e  removed,  was  poured  through  a  paper  filter  attached  to  a 
lum  pump,  while  in  Series  I,  where  porcelain  funnels  with 
e-plates  and  filter-pumps  were  employed,  the  guncotton  re- 
ned  perfectly  white  ;  in  Series  II,  a  small  quantity  of  brown 
ter  collected  at  the  bottom  of  the  filter,  and  in  the  Abel  test 
test-paper  was  deeply  stained  after  three  minutes.  This 
result  could  be  referred  only  to  the  brown  matter  just 
tioned.  This  was  removed  by  repeating  the  boiling  sev- 
times,  and  this  time  again  passing  the  mass  through  a  por> 
in  sieve,  which  allowed  the  brown  substance  to  pass  through, 
ther  with  a  few  fibers  of  guncotton,  both  settling  out  from 
filtrate.  The  quantity  of  the  brown  matter  was  too  small 
ietailed  investigation  ;  it  decomposed  at  193°,  with  carboni- 
m,  but  without  exjdosion  ;  it  was  insoluble  in  dilute  acetone, 
hence  not  identical  with  the  substance  to  which  I<enlc  and 
is  attribute  the  instability  of  guncotton.  This  brown  matter 
:ared  in  both  cases,  a  and  t,  and  has  consequently  nothing  to 
rith  the  nitrogen  tetroxide.  It  was  probably  formed  by  local 
heating  of  fibers  carried  to  the  upper  part  of  the  fiask  during 
boiling.  The  guncotton  after  the  last  described  treatment 
perfectly  white  and  of  sufficient  stability, 
his  time  the  tests  were  carried  through  twice  over  (A  and  B) 
lifferent  times,  each  time  with  two  samples,  exactly  as  in 
es  I,  the  watflr-bath  being  kept  at  80". 
A. 
Sample!  witliout  N,0,.  Sample)  with  N,0|.      Check  Mmple 
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Checlc  aamplc 

for  paper. 

ofl*«.                         a'                  a". 

5.  1900.                      15'                "3' 

15' 

la' 

16' 

1  Expl.  186.5= 
l-Time   4' 16" 

(186= 

14' at/' 

templea  without  K,0,.  Samplawitli  N,0,.    CIh 

Dateoftot.  a'  a".  ¥.  *". 

Feb.  3,  1900.  36'  34'  34'  35' 

f  Expl.  186.5"  f  i85.s» 

tTime    5' a'  Is' 

Uarcb  13,  1900.  47'  49'  51'  56" 

f  Eipl.  191°  l'i90-5'' 

\  Time  3'  5*  t   3'  4* 

Both  Series  II,  A,  and  II,  B,  agree  with  the  results  of 
JD  showing  that  the  presence  of  nitrogen  tetroxide  does  n 
the  Abel  test,  in  the  raising  of  the  test  on  repetition,  ar 
minute  difference  of  the  explosion  temperatures.  It  isal 
esting  to  note  that  the  results  of  Series  II,  A  and  B,  % 
carried  out  at  different  times,  agree  excellently  with  eac 

The  nitrogen  percentage  of  sample  a  was  13.04,  of  : 
13.09,  both  practically  the  same,  but  somewhat  lower  1 
acid  mixture  employed  would  have  yielded  without  the  p 
boiling;  viz.,  13,35  to  13.42.  Guttraann'  notices  this  1 
of  the  nitrogen  percentage  by  boiling  on  the  lai^e  seal 
Bruley,"  after  260  hours'  boiling,  found  a  diminution  of  o 
NO  =  o.o6  per  cent,  nitrogen. 

Series  III. — Since  in  the  fast  series  we  had  not  handl 
cotton  of  the  highest  percentage,  owing  to  the  three  days' 
we  prepared  a  new  sample  with  only  one  day's  cold  wasl 
four  hours'  boiling.  It  showed  13.37  to  '3-35  per  cent,  n 
which  is  quite  equal  to  a  good  commercial  guncbttoi 
stability  test  yielded. 

Date  of  tot,  Witbout  N,0,.  Wllh  N 

Juneal,  1900,  3' -  i' sc/'  3'-^' 

July  4,  1900,  4'  -  4'  IS'  4'  -  4' 

f  Eipl.  166°  164^ 

I.  Time  3'SJ*  3'  sC 

The  stability  is  low,  but  again  tkere  is  no  difference  in 

the  product  made  without  nitrogen  tetroxide. 

Ultimately  we  tested  for  solubility,  because  Payen  had 
that  the  guncotton  made  in  the  presence  of  nitrogen  tetr 
soluble  in  ether-alcohol;  that  made  without  nitrogen  tetrc 
soluble.  We  found  absolutely  no  difference  in  this  respt 
Payeu's  statements  of  the  year  1847  must  therefore  be  al 
excluded  from  further  consideration. 
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he  above  shows  that  nitrogen  tetroxide,  when  added  to  a 
tare  of  strong  sulphuric  and  nitric  acids,  even  up  to  the  enor- 
is  amount  of  9.2S  percent.,  has  no  such  deteriorating  action 
he  stability  of  guncotton  as  is  generally  assumed.  But  for 
sake  of  completeness  it  may  be  mentioned  that  free  nitrogen 
>xide,  in  the  liquid  form,  has  a  destructive  action  on  cellulose, 
grams  liquid  nitrogen  tetroxide,  acting  on  8  grams  pure  cot- 
during  three  days  in  the  ice-safe,  converted  it  into  a  viscid 
;,  the  fibers  being  strongly  enlarged,  and  mostly  soluble  in 
ng  water.  The  solution  reduces  Fehling's  solution  on  boil- 
md  gives  precipitates  with  phenylhydrazine  (insoluble  in  the 
aary  organic  solvents)  as  well  as  with  lead,  silver,  and  barium 

believe  this  fully  justifies  the  conclusion  that  nitrogen  ietroxide 
iw  oxides' ' )  in  the  nitric  acid,  even  far  beyond  the  proportion  ever 
d  in  eammercial  acids,  has  no  injurious  action  in  the  manu- 
tre  of  guncotton,  neither  toward  nitrogen  percentage,  yield, 
stability  as  measured  by  the  ordinary  tests.  I  should  faave 
i  very  much  to  approach  the  same  question  for  nitroglycerine, 
;h  may  or  may  not  behave  in  a  way  similar  to  nitrocellulose  ; 
e  the  prejudice  against  nitrogen  tetroxide  has  proved  to  be 
ng  in  one  case,  it  might  possibly  be  so  in  the  other  case.  But 
ast  leave  this  task  to  others  ;  the  handling  of  nitroglycerine 
I  much  more  dangerous  than  that  of  nitrocellulose  that  I  did 
feel  jnstified  in  undertaking  such  work  in  a  public  laboratory 
re  hundreds  of  students  congregate. 

lehavior  of  Different  Commercial  Grades  of  Cotton  in  Nitration, 

Especially  for  the  Manufacture  of  Collodion  Cotton. 
.11  our  researches  had  been  made  with  the  same  material,  viz. , 
purest  form  of  cellulose  obtainable  in  the  shape  of  "  surgical 
on  wool,"  which  is,  of  course,  much  too  expensive  for  mann- 
uring  commercial  nitrocelluloses. 

a  ordinary  practice  good  cotton  waste,  mechanically  purified, 
boiled  in  alkaline  solutions,  is  the  material  of  the  manufac- 
^.  Of  course  this  cotton  waste  belongs  to  many  different 
imerdal  grades  of  cotton,  and  some  practical  men  believe  that 
It  failure  to  obtain  uniform  products  is  caused  by  differences 
he  original  cotton.  Especially  it  is  believed  that  this  accounts 
the  alleged  "fact"  that  by  the  same  mixture  of  acids  (?) 
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>inetiiues  a  soluble,  sometimes  a  difficultly  soluble,  c 
itton  is  obtained. 

Looking  at  the  complicated  structure  of  the  cellulose  i 
a  the  one  side,  and  at  the  greatly  varying  morphologic 
ire  of  the  vegetable  fiber,  even  that  of  various  species  < 
ber,  on  the  other  ade,  it  cannot  be  denied  that  there 
rima  facie  reason  for  the  above  assumption. 

Nettlefold'  obtained  different  products  when  nitrating  w 
ad  cotton  by  the  same  acid  mixture ;  the  fom^er  yielded  i 
ith  ti.2  per  cent.  i^tEOaatt,^]jd  41.6  per  cent,  soluble 
le  latter  yielde(^^^!|;)!RsM^^(A^  nitration  and  on 
snt.  soluble  m^^f.  X.aawiaLa.n«EeVhether  wood  fib 
ilose' '  of  the  i%iiyu».ai%uifactu^r^Ade  by  various  p 
■>.,  the  soda,Kulpl^^7aDfl'sinpnfte  prJcesses)  is  anywl 
1  the  manufa\ure  of-tuHiniio»»cottoy  but  even  when  < 
iirselves  to  ordink^jD^w.  Af-eoi'ght  have  been  som 
le  opinion  that  vanOtiSii^BMe^t  this  would  behave  d: 
1  the  nitrating  process.  Indeed  I  must  confess  that  \ 
om  this  as  the  most  probable  assumption. 

In  order  to  bring  it  to  a  test,  I  procured  from  the  leadii 
kills  in  Switzerland  authentic  samples  of  the  most  varyic 
I  cotton,  which  were  carefully  cleaned  mechanically  am 
I  the  same  way  as  in  the  manufacture  of  guncotton  and 
ith  the  same  acid  mixture  (63.84  sulphuric,  16.96  nit 
J. 20  water),  keeping  all  the  conditions  of  the  exp 
cactly  alike.  Together  with  these  we  nitrated  a  samp 
chemically  pure  surgical  cotton  wool,"  with  the  folia 
:lts: 

Solubilitr  Id 

Nllragen.  clbcr-akoho] 

No.  Commercial  dealKUtloa.  Percent.       Per  cent. 

r.  Chemicallj'  pure  surgical  cotton  wool  11.76  100 

a.  American  cotton  ' '  middling  fair  "  •  •  ■  1 1 .56  100 

3.  American  cotton  "  Ploridft  " II. 67  loo 

4.  Egyptian  cotton,  white,  "Abaasi"  .■  ir.69  100 

5.  Egyptian  cotton,  natural  yellow 11. 6[  100 

This  shows  that,  contrary  to  my  own  assumption,  Ih 
sential  difference  in  the  qualify  of  the  collodion  cotton 
vm  these  extremely  differing  grades  of  cotton.  They  are 
etely  soluble;  the  nitrogen  differs  only  by  o.  13  per  ceni 
1  the  commercial  cottons,   and  only  by  0.20  in  maxima 

>  Oum.  JVims,  tt>  3^- 
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pure  surgical  cotton.  The  latter  is  easily  explained  by  the 
ireace  in  purity,  the  surgical  cottons  containing  only  0.05 
cent,  ash,  the  commercial  cottons  averaging 0.5  percent,  ash, 
this  is  evidently  quite  immaterial  for  manufacturing  purposes, 
he  varying  results  observed  in  manufacturing  nitrocellulose, 
dally  collodion  cotton,  must  therefore  noiht  attributed  to 
alion  in  the  quality  of  the  cotton  employed,  but  most  proba- 
te unequal  conditions  of  nitration,  perhaps  as  regards  tem- 
ture,  but  most  probably  as  regards  differences  in  the  percent- 
;  of  water  contained  in  the  acid  mixture,  which  may  have 
I  overlooked  by  the  manufacturer.  Tlie  preceding  inves- 
tion  shows  that  even  very  slight  differences  in  the  percentage 
ater  may  be  of  the  greatest  importance  for  the  result,  more 
^rtant  than  even  much  greater  differences  in  all  other  respects. 


rTRiBCTioN  FROM  THB  JOHN  Harrison  Laboratory  of  Chemistry, 

NO.  57.] 
I   ELECTROLYTIC   SEPARATION  OF  MERCURY    FROM 
COPPER. 

Bv  C  RoscoB  Sparb  akd  Bixiak  P.  Smith. 

T  intervals,  since  the  electrolytic  separation  of  mercury  from 
copper  was  first  announced,  statements  have  appeared  that 
separation  was  unsatisfactory.  The  first  objection  was  to  the 
th  of  time  consumed,  but  it  was  soon  observed  in  this  labora- 
that  this  factor  was  very  materially  reduced  upon  heating 
electrolyte  to  65*  C.  Then  it  was  said  that  the  separation 
only  applicable  and  satisfactory  when  the  quantity  of  copper 
not  too  large,  as  compared  with  the  amount  of  mercury  in 
solution.  Proper  replies  were  made  to  these  restrictions 
a  the  method,  but  recently  another  chemist,  in  the  person  of 
1  Goecke,  published  in  his  inaugural  thesis  "Ueber  den 
auigkeitsgrad  elektro-analytischer  Arbeitsraethoden,"  etc., 
he  not  only  required  from  sixteen  to  twenty-four  hours  to 
:t  the  separation,  but  that  in  only  three  instances  did  he  find 
mercury  free  from  copper.  It  is  not  the  purpose  of  the 
«rs  to  question  Goecke's  ability  to  conduct  electrolytic  work, 
oalytical  work  of  any  kind  for  that  matter,  but  they  feel  that 
only  fair  to  lay  additional  actual  experience  before  the  reader, 
ing  time  and  further  trials  to  determine  finally  who  is  right. 
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Id  this  laboratory  the  method  in  question  has  been  so  i 
carried  out  with  success  that  it  seemed  almost  useless  1 
but  the  following  trials  were  undertaken  and  the  1 
presented  in  the  order  in  which  they  were  obtained.  1 
are  sufficiently  indicated  in  the  tables. 
Table. 
In  the  approzimate  proportion  of  i  Hg :  1  Cn. 
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he  deposit  of  mercury  was,  in  each  case,  tested  most  carefully 
copper,  but  the  latter  was  never  found.  Why  Goecke 
luntered  the  oj^io^te  experience  we  are  not  prepared  to  say. 

only  reagent  used  for  washing  was  cold  distilled  water. 

source  of  the  electric  energy  was  storage  cells.  The  time 
>r  here,  as  in  numerous  other  experiments,  is  much  reduced, 
n  the  abundance  of  evidence  here  presented  on  tbis  topic 
in  former  communications  we  are  disposed  to  leave  the  con- 
ersy  to  those  who  delight  in  such  occupation.  We  submit 
(.     They  alone  settle  difficulties. 

oecke  emphasizes  the  statement  that  carbon  is  present  in 
Us  deposited  by  the  current  from  potassium  cyanide  solutions, 
joch  in  so  minimalen  Mengen,  dass  dieselben  fiir  die  Praxis 
n  in  Betracht  kommen,"  Indeed,  in  but  a  single  instance 
it  attain  to  o.  i  per  cent. ,  so  that  another  writer  has  said 
;r  in  so  minimaler  Meoge,  dass  die  Versuchsfehler  der 
immungsmethodeu  kaum  iiberschritten  wurden."  And  we 
disposed  to  add  that  in  alt  probability  a  more  thorough 
ling  of  the  precipitated  mercury  would  have  removed  the  last 
:s  of  alkaline  cyanide  and  the  test  for  carbon  would  have 
Ited  negatively. 

ne  of  the  chief  purposes  of  Goecke  seems  to  have  been  the 
y  of  the  impurities  contained  in  metals  precipitated  on  the 
ode.  He  points  to  the  occurrence  of  carbon  in  the  iron 
isited  from  a  citrate  solution.  This  fact  was  commented 
1  by  the  person  who  first  precipitated  iron  from  that  electro- 
It  is  an  old  story,  and  before  long  "we  shall  very  probably 
■  from  Dr.  E.  F.  Kern  on  this  subject.  He  has  executed  a 
;s  of  experiments  showing  upon  what  this  co- precipitation  of 
on  is  due  and  how  it  may  be  avoided.  In  time,  too,  we 
t  tospeak  of  theoccurrence  of  phosphorus  in  metals,  deposited 
1  solutions  of  phosphates.  Goecke  records  it  as  an  ever- 
ent  impurity  in  the  metals  deposited  from  such  electrolytes. 
ut  to  retiu-n  to  the  electro-deposition  of  mercury.    The  litera- 

relating  to  this  reveals  the  fact  that  very  little  experimenta- 

in  this  way  has  been  done  with  mercury  in  the  presence  of 
eor  four  othermetals.  Indeed,  this  is  a  direction  in  which 
stigation  could  be  profitably  conducted.  We  submit  results 
lined  by  us  in  following  this  thought. 


W.  H.  FOLVXIl^S  AND  EDGAK  P.  SMITH. 
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[CONTRIBUnOM  7ROU  THE  JOHN  HARRISON  LABORATORY  OF  C 

No.  58.] 
THE  PRECIPITATION  AND   SEPARATION  OP  Sll 
THE  ELECTROLYTIC  WAY. 

Bv  V.  H.  PuLWEiLsa  um  Hi»ab  p.  Smith. 

THE  fact  that  silver  can  be  quantitatively  determia 
electrolytic  way  is  well  known.  It  has  liad  ample 
tion  in  this  laboratory,  where  numerous  estimations  of 
in  cyanide  solution  have  been  made.  It  is  probable,  t 
was  here  that  the  first  quantitative  results  with  this  1 
were  obtained  although  it  is  customary  to  credit  the  1 
Luckow  notwithstanding,  in  his  published  account  of  t1 
deposition  of  silver  from  its  double  cyanide  solution,  hi 
no  quantitative  data,  and  merely  remarks  in  regard  to 
tions:  "So  fall t  bus  solchen  Losungen  das  Silber  gl« 
in  regulinischer  form  mit  mattem  Metallglanze  nieder 
be  that  as  it  may,  without  any  further  reference  to  the 
the  method,  the  latter  is  most  deserving  of  consideratio 
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end  ID  some  measure  its  geaeral  applicability  we  have  made 
iratioDsof  silver  from  solutions  in  which  three  or  four  other 
als  were  simultaneously  present.  It  is  the  results  in  this 
ction  which  we  most  desire  to  put  upon  record, 
'hose  interested  in  electrochemistry  will  at  once  recall  that  in 
hundreds  of  separations  made  with  the  current  more  than  two 
als  rarely  were  present  in  the  electrolyte.  Now  that  electro- 
mical  analysis  is  daily  becoming  more  prominent  the  proper 
king  conditions  for  such  problems  should  be  ascertained.  It 
robable  that  this  phase  in  electrolysis  has  been  too  long  neg- 
ed.     We  give  first  results  obtained  with  silver  alone. 

Dllu-  PoUninm  Silver 

Silver.  tioo.    cyinide.     Current.  Temper-   Time.         found. 

Gram.  cc.        Grams.       N.D.jog-  Volts.       Bture.     Boun.        Gnm. 

..  o.a(33  135  1  0.03    A  a.s  65°  4  o»i3a 

..  aii33  i»s  a  0.03    A  a.5  So"  3  0.2133 

■  ■  0.J133  tas  4  O.CM  A  a.5  60=  3  0.2131 

■  .  0.2133  "5  a  00*5  A  2-7  60°  4  o.ai34 

■  -  0.2133  "S  3  0.025  A  2-7  60°  3  0.ai35 

■  -  0.2133  125  2  0.025  A  2.7  60°  4  o.JiiS 

a  trials  i  and  2  the  metal  was  precipitated  upon  a  dish,  while 
,  and  4  a  plate  cathode,  and  in  5  and  6  a  cone  was  used  to 
live  the  silver,  which  was  very  adherent,  and  brilliant  in  luster, 
ras  washed  with  water,  alcohol,  and  ether, 
'he  first  thought  was  to  further  test  the  separation  of  silver 
a  copper,  making  a  special  point  in  varying  the  quantity  of 
latter  metal. 

•  Silver  from  Copper. 

Polauium  Dlla-  Silver 

r.          Copper.      cyaDide.    lion.  Current.  Temper-  Time.  found. 

1.           Gr«m.        Crami.     '  cc,  N.D.im  Volt*.  Bture.  Hour*.  Gram. 

W        0.1053           3           125  0.03I  A         i.i          60"          4)  o.io66 

66        0.1053           3           "5  O-M    A         1.15        55°          6  0.1064 

66        0.1053           3           "S  002    A         1.25        55°          6  0.1065 

'he  silver  was  completely  precipitated.     It  was  found  to  be 

;  from  copper. 

'be  next  ratio  was  lAg  :  aCu  : 


Potuaiura 

(^anidc. 
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With  the  ratio  lAg  :  sCu  the  results  were  : 

Potudum.  DUa- 

Silver.          Copper,     nanjde.     tlon.  Corrcnt.  Temper-    Tin 

Gnm.            Oram.       Gnnu.       cc.  N.D,io>  Volt*.         (tare.      Ham 

0.1066        0.5J65          4          13$  0.03  A  i.s            6$'          3l 

0.1066        0.5365          4           las  0.02  A  1.3            60°          3| 

The  experience  gathered  from  these  determinations  si 
the  separation  of  these  two  ntetals  can  be  conducted  in 
ticular  way  with  the  certainty  of  success.  In  several 
the  liquid  from  the  silver  was  diluted  to  500  cc.  and  ele 
with  a  more  powerful  current  when  the  copper  was  full 
tated  and  showed  the  absence  of  silver  upon  applying  1 
mary  tests. 

Silver  from  Copfek  and  Caduiuu. 


0.015 


The  next  step  was  the  introduction  of  a  zinc  salt 
electrolyte.  Strangely  enough  some  cadmium  was  now 
the  deposit  of  silver,  but  it  was  not  long  before  the  obsen 
made  that  if  the  electrolyte  was  heated  to  75''-8o''  befo 
the  current  the  co -precipitation  of  cadmium  could  be  1 
prevented.      The  conditions  are  indicated  in  the  subjoii 

I  I  N         S  ^0  E 

I  I  P         I  i"       d  .■  I 

5a  U  h  „fl     li  I  l^  s  I 

|e  &c  ■§£  .EC     11  I,-  5*^  I  § 

(ftu  ua  0  NO      D-S  qB  uz  >  H 

0.1090  0.1053  o.iiaS  0.1344    4  135  0.03A  1.25  80° 

0.109a  0.0536  0.0564  0.0633    5  135  0.03A  1. 15  75° 

0.1090  0.0536  0.0564  0.633      3.5  ia5  0.01  A  1.25  75° 

The  silver  was  found  free  from  any  of  the  other  meta 
the  experiments  made  with  the  conditions  as  recordt 
preceding  paragraphs  the  striking,  brilliant  luster  of  the 
silver  was  particularly  marked. 
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loae  of  the  other  metals  were  found  in  the  silver  deposit.  The 
ition  of  the  nickel  to  the  solution  seems  to  retard  the  precipi- 
on  of  silver  to  a  slight  degree. 


NOTES  ON  THe  ANALY5I5  OP  EXPL05iVE5. 


DBTERMINATION  OF  SULPHUR, 
gelatine  dynamite  containing  from  1  to  3  per  cent,  of  sul- 
phur, the  following  method  is  useful :  Weigh  out  about  2 
ms  into  a  silver  crucible  of  100  cc.  capacity  :  fill  it  two-thirds 
with  an  alcoholic  solution  of  caustic  soda.  Warm  carefully  on 
'ater-bath  until  the  nitroglycerine  is  decomposed  and  then 
porate  to  dryness.  Add  next  about  41)  grams  of  solid  caustic 
ish  and  5  grams  of  potassium  nitrate.  Fuse  the  contents  of 
crucible  carefully  over  a  blast-lamp  until  all  organic  matter  is 
dized.  Dissolve  in  dilute  acetic  acid,  filter  from  a  small 
)unt  of  insoluble  matter,  and  precipitate  the  sulphates  with  the 
al  precautions.  The  results  check  very  closely. 
INDIRECT  MBTHOD  FOR  THE  ESTIMATION  OF  NITROGLYCERINB 

IN  GELATINE  DYNAMITE,  ETC. 
Lbout  15  grams  of  the  sample  are  completely  extracted  with 
aroform  in  a  Soxhlet  apparatus  and  the  loss  in  weight  noted, 
another  portion  the  moisture  is  determined  by  desiccation 
T  sulphuric  acid  for  five  days,  careful  experiments  having 
wn  that  nitroglycerine  is  not  appreciably  volatile  in  a  desicca- 
Another  portion  of  about  2  grams  is  carefully  extracted 
h  pure  ether  by  maceration  in  a  small  beaker.  The 
er  is  poured  through  a  filter  and  the  extraction  repeated  three 
four  times.  The  filtrate  is  now  allowed  to  evaporate  sponta- 
lusly  or  with  the  aid  of  a  gentle  current  of  air.     When  the 
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ether  is  evaporated  add  about  5  cc.  of  ammonium  sulp 
tion  and  10  cc.  of  alcohol.  Warm  gently  on  a  water- 
the  nitroglycerine  is  decomposed  and  then  add  about 
water  and  enough  hydrochloric  add  to  give  a  strongly 
tion,  filter,  and  wash  the  precipitate  free  from  add.  T 
the  predpitate  out  with  strong  alcohol  and  chloroform, 
this  filtrate  in  a  weighed  platinum  dish.  Evaporate 
temperature  and  dry  to  constant  weight  at  50°  C,  Th 
of  the  dish  are  now  transferred  to  a  silver  crucible  and  tl 
determined  as  above  described.  The  increase  in  wd| 
dish  less  this  amount  of  sulphur  represents  the  chloro 
ble  substances  in  the  original  sample  except  the  nitro 
moisture,  and  sulphur.  The  percentage  of  the  former  '. 
plus  the  moisture  and  sulphur  in  the  original  sample  gi 
subtracted  from  the  total  chloroform-soluble,  the  per 
nitroglycerine. 

In  another  portion,  the  residue  in  the  platinum  dish  1 
vestigated  for  resins,  paraffin,  etc. 

ON  THE  USE  OF  LDNGK'S  NITROMETER. 

All  the  glass  stop-cocks  should  be  tight.  In  refere 
practical  testing  of  stop-cocks,  see  this  Journal,  ai,  430 

Standardizing  tke  Nitromtter . — There  are  twometho< 
ble,  the  first  of  which  I  shall  call  the  'absolute  metho 
second  the  'empirical  method.'  The  latter  was  devis 
Clarence  Quinan,  of  San  Francisco. 

The  first  consists  in  admitting  to  the  reduction  tube  i 
of  air  such  that  if  reduced  to  0°  C.  and  760  mm.  pi 
would  occupy  a  volume  of  100  cc.  The  analysis  is  tl 
by  weighing  out  a  convenient  quantity  of  nitrate,  decoi 
in  the  usual  way,  introducing  the  nitric  oxide  into  the  1 
tube  and  regulating  the  pressure,  so  as  to  bring  the  voli 
in  the  reduction  tube  to  100  cc. ,  while  the  surface  of  th 
in  the  measuring  tube  is  at  the  same  level  as  the  surf: 
mercury  in  the  reduction  tube.  If  deemed  preferable  tl 
the  mercury  in  the  measuring  tube  may  be  made  to  coii 
the  level  of  the  mercury  in  the  reservoir  tube  so  as  to 
pressure  in  the  measuring  tube  equal  to  the  atmospheric 
The  volume  of  nitric  oxide  is  then  read  off  and  reduce 
mal  conditions  by  the  usual  calculations. 
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3ie  correctness  of  the  results  obtained  in  this  method,  aside 
a  errors  of  manipalatioa,  is  affected  by  the  following  factors: 

A)  The  accuracy  of  the  barometer. 

B)  The  accuracy  of  the  thermometer. 

C)  The  accuracy  of  the  graduation  of  the  reduction  tube. 

D)  The  accuracy  of  the  graduation  of  the  measuring  tube. 

E)  The  accuracy  of  the  weights  employed. 

:  is  evident  that  the  work  of  cajibrating  all  the  instruments 
>loyed  would  be  very  cousiderable  and  it  is  not  safe  to  assume 
correctness  of  such  instruments  as  they  occur  in  trade, 
he  empirical  method  is  as  follows  : 

.  sample  of  potassium  nitrate  is  purified  until  it  shows  the  ab- 
:e  of  impurities  by  the  ordinary  tests.  It  is  then  dried  and 
nitric  oxide  derived  from  a  known  quantity,  is  passed  into 
measuring  tube.  The  quantity  of  air  in  the  reduction  tube  is 
1  varied  until  the  volume  of  the  nitric  oxide  is  approximately 
:  calculated  from  the  amount  of  nitrate  taken.  The  reduction 
;  is  now  sealed  and  a  series  of  analyses  of  potassium  nitrate 
le  with  slight  variations  in  the  amount  taken,  and  in  each 
!  a  correction  factor  detennined  which  shows  roo  per  cent,  in 
ity  in  the  nitrate  taken  (see  example  below).  The  extreme 
ations  in  the  determinations  should  not  exceed  0.05  per  cent, 
m  this  series  of  determinations  a  correction  factor  is  calcula- 
which  is  applied  to  all  determinations. 

BXAMPLE. 

0.5078  gram  KNO,  gave  ill. 7  cc.  nitric  oxide. 

Log.  111.7 0.04805 

Log.  0.5078 0.70569 

Log.  of  cc.  per  gram 0.34^36 

0.5057  gram  KNO,  gave  iit.i  cc.  nitric  oxide. 

Log.  cc 0.04610 

Log.  8 .' 0.70389 

0.3431 1 
0.5058  gram  KNO,  gave  11 1.3  cc.  nitric  oxide. 

Log.  cc 0.04610 

Log.  3 0.70398 

0.34313 
'he  average  of  these  logarithms  gives  :  Log.   cc.  per  gram 
^223,  corresponding  to  219.9.     The  correction  is  obtained  by 
proportion  221.0  :  219.9,  the  first  term  being  the  theoretical 
>ic  centimeters  per  gram  for  potassium  nitrate. 
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In  other  words  m  any  analysis  the  mantissa  of  the 
representing  the  cubic  centimeters  per  gram  or  the  pen 
nitrogen  must  be  increased  by  0.00205. 

0.5913  gram  KuncottoiF  gave  119.1  cc.  of  nitric  oxide. 

Log-  cc 0.07591 

U>g.  a 0.77181 

0.30410 
0.30615 

This  corresponds  to  202,300,  per  gram  or  12,71  per  c 
gen. 

The  advantage  of  this  method  lies  in  the  fact  th 
sources  of  constant  errors  A  to  E  are  eliminated,  no  thi 
nor  barometer  being  needed.  The  weights  may  be 
only  consistent.  The  graduation  of  the  tubes  may  1 
and  inconsistent.  In  fact  they  could  be  grossly  inaccn 
out  affecting  the  accuracy  of  the  results  if  separate  < 
were  made  for  each  point  on  the  measuring  tubes. 

The  obvious  objection  to  the  method  lies  in  the  d 
preparing  a  pure  potassium  nitrate  which  shall  not  1 
content  of  nitrogen  by  reason  of  the  presence  of  forei 
nor  a  high  content  of  nitrogen  from  the  presence  of  s 
trate.  These  objections  may  be  met  by  preparing  sam 
tassium  nitrate  from  different  sources.  All  should  shov 
percentage  of  nitrogen.  Secondly,  a  sample  of  nitra 
should  be  purified  and  the  correction  factor  determin< 
independently.  Within  the  limits  of  experimental  erroi 
be  the  same  as  the  correction  factor  derived  from  potassit 
Example. 
0.4301  gram  sodiam  nitrate  gave  113.5  cc.nitric  oaide 

Log,  cc 0,05115 

Log.  s 0.63367 

0.41748 
Log.  theoretical  cc.  per  gram  for  sodium 

nitrate  0'4i954 
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i  a  third  check  a  sample  of  puredry  nitroglycerine  may  be  used. 
:  one  time  in  my  work  the  reduction  tube  was  set  by  aid  of  a 
meter,  since  shown  to  be  faulty.     A  sample  of  potassium  ni- 

carefttlly  purified  showed  in  this  case  about  99  per  cent. 
:y  and  a  sample  of  sodium  nitrate  also  carefully  purified 
'ed  the  same  percentage  of  purity  within  the  limits  of  error. 

barometer  setting  of  the  reduction  tube  was  therefore  dis- 
id  and  the  correction  factor  introduced  since  it  was  manifest 

while  either  of  the  nitrates  might  be  impure  even  after  the 

careful  purification,  it  was  in  a  high  degree  improbable  that 
should  be  impure  and  of  exactly  the  same  degree  of  impurity, 
iring  the  hot  weather  of  summer  there  is  a  distinct  advan- 
in  having  a  large  subtractive  correction  factor.  In  this  way 
;as  may  be  measured  nearly  at  the  pressure  of  the  atmos- 
e,  thus  avoiding  the  considerable  strain  on  the  stop-cock  and 
Mjuent  tendency  to  leakage. 

le  nitric  oxide  may  be  measured  either  dry  or  moist,  more 
eniently,  however,  in  thl:  latter  condition.  If  so  measured 
V  drops  of  water  should  be  left  in  each  tube.  As  the  tension 
e  aqueous  vapor  is  the  same  in  each  tube,  it  may  be  neglected 
e  calculations. 

le  sulphuric  acid  used  in  nitrometer  work  should  be  free  from 
es  of  nitrogen  and  iron.  It  should  be  of  94  to  95  per  cent, 
igth.  In  add  of  98  per  cent,  strength  nitric  oxide  is  quite 
y  soluble. 


AN  AUTOMATIC  FILTER- WASHER. 

By  }.  M.  PiCKEL. 

RRrtvedJUDiii.  igoi. 

HE  apparatus  shown  in  the  accompanying  cut,  consists  of  a 
battery  of  ten  washers.  The  parts  of  each  washer  are  :  A 
rvoir,  /,  to  contain  the  liquid  with  which  the  washing  is  done, 
ibber  tube,  z,  provided  with  two  thumb- screw  clamps,  j,  lead- 
from  the  reservoir  to  the  delivery  vessel.  A  delivery  vessel, 
■rovided  interiorly  with  a  small  siphon,  which  delivers  the 
tiing  liquid  intermittently  in  small  portions  on  the  substance 
g  washed.  A  larger  funnel,  7,  containing  the  filter.  A  smaller 
:rted  funnel,  6,  covering  the  substance.  The  object  of  this 
lel  is,  while  it  prevents  spattering,  to  throw  the  liquid  around 
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over  the  edge  of  the  filter-paper,  thus  insuring  that  it 
from  the  top  downward  at  each  delivery.  It  should  b 
diameter  as  almost,  but  not  quite,  to  cover  the  filter- 
trough,  S,  which  conveys  the  washings,  in  case  thi 
wanted,  into  the  waste  pipe.     A  supporting  frame,  p, 


The  apparatus  is  operated  thus :  The  substance  to 
having  been  placed  on  the  filters  and  covered  with  tl 
funnels,  and  the  lower  clamps  having  been  closed,  eac 
is  provided  with  a  measured  quantity  of  liquid  adeqt 
washing.  To  facilitate  the  measuring,  the  reservoirs 
graduated  once  for  all.     By  means  of  the  lower  damp 
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liquid  rapidly  into  the  delivery  vessel  until  the  siphon  over- 
s,  then  regulate  (by  the  /mv^r  clamp)  the  flow  so  that- the 
d  shall  fall,  drop  by  drop,  into  the  delivery  vessel  at  such  a 
that  the  siphon  shall  not  overflow  till  after  all  the  liquid  has 
ed  out  of  the  filter.  This  r^ulation  insures  the  intermittent 
ling  of  the  filter  with  entirely  fresh  portions  of  liquid  at  each 
'ery,  and,  with  a  little  practice  and  patience,  can  be  accom- 
led  in  about  ten  to  fifteen  minutes  for  all  ten  of  the  washers. 
r  the  apparatus  is  once  regulated,  it  requires  no  further  at- 
ion — may  be  left  going  over  night. 

lie  upper  clamp  is  not  necessary,  hut  is  at  times  convenient ; 
example,  if  for  any  reason  it  is  desired  to  stop  the  Sow  of 
d  before  the  washing  is  completed,  this  is  effected  preferably 
he  upper  clamp,  thus  leaving  the  "  set"  of  the  lower  clamp 
sturbed.     The  efficiency  of  the  machine  depends  upon  the 

and  accuracy  with  which  it  may  be  regulated.  The  screw 
le  regulating  clamp  must,  therefore,  have  a  fine  thread  ;  the 
ip  must  be  firmly  fixed  in  place,  otherwise  the  merest  touch 

sometimes  change  the  rate  of  flow.  The  washer  at  the  ex- 
e  left  of  the  cut  shows  a  method  of  securing  this  fixedness, 
clamps  and  attachment  are  there  turned  through  an  angle  of 

A  piece  of  wood  about  two  inches  long  and  of  rectangular 
on  passes  through  the  clamp.  Transversely  across  the  back  of 
piece  of  wood  are  shallow  grooves  in  which  the  clamps  fit. 
se  pieces  are  firmly  attached  by  screws  to  the  frame-piece 
iced  10.  Small  wire  brads,  one  just'  above  and  one  just 
w  the  damp,  and  each  slightly  pressing  against  it,  are  driven 
ort  way  into  the  wood  completing  thus  the  steadiness  of  the 
ips.  The  arrangement  here  described  is  satisfactory ;  but 
>tless  a  tube  and  glass  cock,  capable  of  delivering  small  drops 
ij  the  manner  of  a  good  burette),  would  be  preferable, 
he  quantity  of  water  delivered  at  each  discharge  of  the  siphon 
lid,  of  course,  be  sufficient  to  cover  the  substance  but  not 
igh  to  flood  the  filter  to  overflowing.  The  capacity  of  the 
i-ery  vessel  may  be  varied  by  adding  to  or  taking  from  it, 
II  glass  beads,  coarse  sand,  or  fragments  of  glass.  It 
vident  that,  if  the  siphon  is  on  the  outside  of  the  de- 
ry  vessel  (after  the  manner  of  a  Soxhlet  extractor),  the 
icity  of  the  vessel  may  easily  be  varied  from  its  great- 
volume  down  to  an  almost  vanishing  quantity  by  shoving 
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down  into  it  a  tube  dosed  at  its  lower  end  (a  test- 
ample)  ;  a  small  plug  of  rubber  wedge<}  in  between 
the  tube  at  any  desired  level.  A  Soxhiet  can  be  i 
delivery  vessel ;  one,  in  possession  of  the  writer,  wl 
maximum  delivery  is  43  cc.  can,  in  the  manner  justd 
instantly  made  to  deliver  any  lesser  quantity  down  tc 

As  is  seen  from  the  cut,  the  delivery  vessels  in  tl 
here  described  are  what  are  known  as  carbon  filter: 
filters.  Their  dimensions  are,  for  the  large  end,  a 
inches  in  length  and  i^-inch  internal  diameter,  small 
about  2  inches  in  length  and  ^-inch  internal  diameter 
arm  of  the  siphon  passes  through  the  stem  and  is 
tight  by  a  short  piece  of  rubber  tubing.  They  we 
once  for  all  to  deliver  about  10  to  15  cc.  The  sip 
be  well  made,  particular  care  being  taken  that  they 
tened,  or  contracted,  at  the  bend.  A  siphon  thus  cc 
quires,  especially  when  it  becomes  somewhat  soiled  in 
does  not  readily  wet,  considerable  pressure  to  force  the 
it  will  therefore  vary  considerably  in  the  volume  ol 
it  delivers  at  an  overflow.  For  this  reason  also  a 
delivery  vessel  is  to  be  preferred  to  one  of  larger  diac 
is  less  variation  in  the  quantity  of  liquid  delivered  a 
flow  of  siphon  in  the  former  than  in  the  latter.  A  d 
temal)  of  not  over  an  inch — of  even  three-quarters  c 
less  if  practicable — is  to  be  recommended.  I  especial 
tion  to  this,  because  I  found  that  some  of  my  deliv 
which  were  set  to  deliver  about  locc.  would,  owing  t 
here  detailed,  sometimes  cause  my  filters  to  overflow  ■ 
quite  small,  g  cm.  filters).  The  reservoirs  in  thi 
were  made  by  cutting  off,  near  the  bottom,  pint  botti 
Small  percolators  would  be  neater. 

The  combination  here  described  as  an  automatic  l 
is,  so  far  as  the  writer  knows,  new.  At  any  rate,  it 
him  and  devised  by  him  for  washing  water-soluble  niti 
especially  nitric  and  ammoniacal  nitrogen)  out  of  mixec 
fertilizers.  It  was  used  the  past  winter  and  spring  for 
in  the  analysis  of  several  hundred  samples,  and  was  fo 
satisfactory  and  a  valuable  labor-saver.  Two  nitrogei 
tions  were  made  in  each  case,  one  of  total  nitrogen,  1 
residual  nitrogen  after  washing  with  300  cc.  of  distil 
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here  would  seem  to  be  do  reason  why  this  washer  might  not 
ised,  with  equal  advantage,  to  take  water-soluble  phosphoric 
out  of  commercial  fertilizers.  A  comparison  of  its  work  in 
matter  with  the  method  of  washing  commonly  practiced, 
made  with  the  following  result  on  ten  different  fertilizers  : 


!r-9oluble  P,0,-  6.65  4.55    q.51    9.31   8.0+    9.34   5.97  6.10    5.06   6,00 
'■      6.4»  378    8.9a   8.75    7.88    8.65    6.10  5.68    4.73    5.42 

Mfference 0.330.77    0.59   0.56   0.16    0.39  0.43    0.34    0.58 

'he  percentages  in  the  top  line  were  obtained  in  the  washings 
1  the  automatic  washer ;  those  in  the  second  line  were  ob- 
ed  in  the  usual  way  by  directing  a  jet  of  water  on  the  sub- 
ice  and  thoroughly  stirring  up  at  each  washing.  Two  grams 
ertilizer  were  taken  in  each  case,  and  the  same  quantity  (or 
at  the  same  quantity),  a  little  less  than  300  cc.  of  water,  was 
1  for  washing  in  each  case.  Id  all  except  one  case,  the  auto- 
ic  washer  took  out  more  phosphoric  acid  than  the  usual 
hod.  This  is  all  the  more  remarkable  inasmuch  as  the 
her  does  not  stir  the  substance  to  any  appreciable  extent. 
:  explanation  of  th«  difference  is  perhaps  to  be  found  in  this 
urastance  ;  the  washer  delivered  the  water  in  small  portions  of 
ut  10  cc.  at  a  time,  whereas  in  the  other  case  30  to  40  cc. 
e  used,  the  filter  being  larger ;  it  thus  came  about  that  in  the 
t  case  the  samples  got  three  to  four  times  as  many  separate 
ihings  as  in  the  second.  There  was  this  further  circumstance: 
;  machine,  once  set  going,  keeps  up  the  work  to  the  end, 
s  finishing  the  operation  in  a  shorter  time  than  did  the  hand 
ibing,  where  the  chemist  was  diverted  by  other  operations 
ich  he  was  looking  after  at  the  same  time.  Such  being  the 
e,  the  phosphates  were  in  contact  with  the  water  a  shorter 
le  in  the  first  than  the  second  instance,  and  the  monocalcium 
»phate  had  less  opportunity  (less  time)  to  "  revert." 


*..  J.  M.  PiCKHL,  lULEian,  N.  C„ 


PREPARATION   OF   a.s-DinETHYLBENZALDEH 

B3TABLISHnENT  OF  ITS  CONSTITUTION  ANI 

ARATION  OF  SOME  OF  ITS  DERIVATIV! 

By  Evesbast  P.  Uabdiho  awd  Lillian  Cobbk. 

FEW  compounds  have  offered  a  more  interesting  sti 
aromatic  aldehydes.  This  is  due  not  to  their  theo 
alone  but  to  their  utilitarian  value  as  well.  Gattermai 
in  all  known  aldehydes  (containing  one  or  more  mei 
in  the  benzene  ring)  prepared  by  the  Gattermann-Koi 
the  aldehyde  group  always  occupies  the  ^position  n 
methyl  group.'  The  object  of  this  paper  was  to  detenu 
the  aldehyde  could  enter  the  benzene  ring  without 
/-position  to  any  of  the  methyl  groups  which  resi 
preparation  of  2.s-dimethylbenzaldehyde,  the  estat 
its  constitution  and  the  preparation  of  some  of  its  der 
PREPARATION  OF  3.5-DIMETHYLBENZAIJ)BH' 
CH. 


I 

CH, 
2. 5-Dimethylbenzaldehyde  was  prepared  accord 
Gattermann-Koch  method,*  which  depends  upon  the  i 
hypothetical  formyl  chloride  upon  aromatic  hydrocar 
presence  of  aluminum  and  cuprous  chlorides.  The 
of  the  xylene  mixture  was  kept  at  40°  and  the  time  1 
the  thickening  of  the  mass  varied  from  five  to  ten  ho 
ing  upon  the  quality  of  the  aluminum  chloride  used. 
compound  of  aldehyde  and  aluminum  chloride  was 
by  transferring  to  a  flask  containing  ice  and  the  al' 

I  Ber  d.  chem.,Gts.  30,  l6>]. 

'/Ji'</.,jo,i6i3:    Wllhelin  Graf  :    Iniug.  DIsMrUtioD.   1S99,   Univen 
erei  von  J.  Horning,  Keidclbers  ;  /.  prakt.  Chtm.  Neue  PolK.,  6a,  i»oo. 
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ADged  xylene  removed  by  steam  distillation  and  taken  np 
ether.  After  removing  the  ether  by  distillation,  the  residue 
subjected  to  repeated  fractional  distillation.  The  aldehyde 
led  over  at  2ig°-229°  (uncoir.)  as  a  colorless  liquid  which 
tly  turned  to  light  yellow,  due  to  its  ready  oKidation. 
CH,  CH, 


lAlCl,  +  Ha 


CH,  CH, 

le  aldehyde  does  not  form  an  addition  product  with  a  satu- 
.  solution  of  sodium  bisulphite'  which  makes  the  usual 
od  of  purifying  the  aldehydes  by  their  conversion  into  the 
sponding  bisulphite  compounds  impracticable.  The  aide- 
was  dissolved  in  very  weak  alcohol  and  then  shaken  for  two 
in  a  shaking  machine  with  a  saturated  solution  of  pure  so- 
i  bisulphite  dissolved  in  water, 
le  analysis  gave  : 

)oo  gram  of  the  substance  bnined  with  cupric  oxide  gave  0.4140  gram 
n  dioxide  and  0.0933  grain  vater,  equivalent  to  0.1139  gram  carbon 
.0140  gram  hydrogen. 

Calculated  for  Foand. 

C,H,oO.(lM>. 

Carbon 80.59  80.64 

Hydrogen 7.46  7,4a 

5-Dimethylbenzaldehyde  is  a  colorless  liquid  with  the  cbar- 
Tstic  benzaldehyde  odor.  It  oxidizes  very  readily.  Upon 
nation  a  residue  remains  which,  upon  cooling,  crystallizes  in 
:less  needles.  On  exposure  to  the  air  it  changes  to  a  light 
>w  color  and  subsequently  to  prismatic  needles  which  melt  at 

rhcyclUnr  commerciil  lodium  bisulphite  wa*  not  obtainable  and  conKquenll;  not 
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melting-point  of  the  correspoadiag  add.'  It  ox 
ily  that  upon  distillatioa,  air  must  be  excluded 
iratus  and  the  distillate  quickly  cooled  in  ice-watt 
tiie  in  all  the  common  solvents  except  water. 

PREPARATION  OF  2.5-DIMBTHyLBENZOIC  ACID. 
CH, 


I 

CH, 
y  the  oxidation  of  2.5-dimethylbenzaldehyde  to 
iding  acid  the  position  assumed  by  the  aldehyde  gr 
Eene  ring  and  consequently  the  constitution  of  the 
deteribined. 

ince  chromic  acid  and  potassium  permanganate  c 
hyl  group  as  well  as  the  aldehyde  group  a  strong  i 
um  hydroxide  was  used.  Two  grams  of  2.5  dim 
^yde  and  a  cold  solution  of  1.8  grams  of  sodium 
olved  in  1.5  grams  water  were  placed  in  a  well 
:le.  The  bottle  was  placed  in  a  shaking  machine  a 
il  a  permanent  emulsion  was  formed.  After  sb 
;ral  days  this  hardened  to  a  yellow  solid.  The  cor 
ihol  and  the  sodium  salt  of  the  corresponding  acid  wt 
;  alcohol  was  removed  by  treating  with  water  and 
li  ether.  Upon  acidifying  the  aqueous  solution  \ 
.rochloric  acid  the  2. 5-dimethylbenzoic  acid  sepi 
te  crystalline  precipitate.  Recrystallized  from  51 
ihol  it  melted  at  I24''-I25''  (uncorr,),  Asopercen 
ition  was  boiled  with  animal  charcoal  and  filt 
sipitate  formed  on  cooling  melted  at  124 ''-125''. 
CH, 


\ 


),COH  +  NaOH  = 


CH, 

8m  >.:-dlmethylbeni 


3 . 5-DIUBTHYLBENZ  ALDEHYDE. 
CH, 


\ 


,>COONa+<. 
CH,  CH, 


he  analysis  gave : 

[ 006  gram  tmmed  with  cnpric  oxide  gave  0.3657  gram  carbon  dioxide 

0.0585  gTBin  water  equivalent  to  0.0734G  gram  carbon  and  0.0065  gra™ 


Carbon 73.00  71.02 

Hydrogen 6.66  6.46 

5-DimethylbeDzoic  acid  forms  colorless  needles  of  the  mooo- 

riclinic  system.  ^0  ^=  ^i°  21'.' 

xternal  angle  measured  on  010  =48°  36'. 

« a  :     b  ;  HOC  —  010  ^  clinopinacoid. 

a  :     b  :  'bc=^  iio  =  prism. 
OS  o  :  go  A  :      c—-  001  =  basal  pinac<<id. 
a  -.oib  -.IOC  ~  lot  =  ortfaopinacoid. 
hese  crystals  are  soluble  in  methyl  alcohol,  ethyl   alcohol, 
ene,  xylene,  benzene,  chloroform,  and  acetone.     They   are 
luble  in  cold  and  hot  water.     When  boiled  with  pure  animal 
-coal  and  50  per  cent,  alcohol,  the  filtrate  turns  slightly  blue  ; 
same  blue  color  is  observed  during  combustion. 
■  the  aldehyde  group  always  occupied  the  para  position   rela- 
te a  methyl  group  and  if  it  were  possible  for  the  aldehyde 
ip  to  exchange  positions  with  one  of  the  methyl  groups,  one 
3ur  acids  of  the  corresponding  aldehydes,  viz. ,  ^-tolyl   acet- 
;hyde,  2.4-,    3.4-,  or   2. 5-di  methyl  benzoic  acid,  might  have 
ued. 

aratolylacetic  acid  oxidizes  with  chromic  acid  to  terephthalic 
t  and  has  a  lower  melting-point  than  that  found.'  2.4-  and  3.4- 
ethylbenzoic  acids  also  have  different  melting-points  and 
:rent  physical  properties,  Jacobson'  prepared  an  acid,*  which 
called  ^-xylic  acid,  by  the  action  of  monobromparaxylene 
<n  amalgam  and  phosgene  and  which  melted  at  132°.  He  also 
lined   a  ^xylic   acid   which  melted  at    163".       Fittig  and 

Eindly  dcleimJned  by  Dr.  Bcrkey. 
Btr.4  cktrn,  Gti.,  ig,  17444:  4>,  18S1. 
Itia.,  igSS.  p.  iga :  aa,  lajo ;  >a,  »ji ;  18,  iiSi. 
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Laubinger'  prepared  an  acid  by  oxidiziag  pseudocu 
dilute  nitric  acid  which  melted  at  163°,  and  which 
/>-xylic  acid. 

In  all  probability  the  so-called  /-xylic  acid  melti: 
obtained  by  Jacobson,  and  the  acid  obtained  by  Lai 
Fittig  melting  at  163",  are  the  orthoxylic  acid  recently 
GraP  by  treating  orthoxylic  aldehyde  with  strong  pol 
droxide  and  which  melted  at  163°,  A  further  pro 
acid  formed  is  neither  2.4-  nor3,4-dimethylbenzoic  adt 
this  paper  by  the  comparison  of  the  melting-points  of 
spending  cinnamic  acids. 

This  proves  that  the  aldehyde  group  does  not  occ 
position  relative  to  one  of  the  methyl  groups  but  a  m 
to  one  and  an  oitho  position  to  the  other  group. 

ALDAZINB  OF  2.5-DIMETHYLBENZALDEHVD 
CH,  I 


A 


CH  =  N  — N  =  HC< 


CH,  CH, 

The  aldazine  of  3.5-dimethyIbenzaldehyde  was  i 
cording  to  the  method  of  Curtius  and  Jay.*  Fi\ 
aldehyde  dissolved  in  dilute  alcohol  was  added  to  a 
2,5  grams  hydrazine  sulphate  dissolved  in  an  exces 
By  violent  shaking  in  a  shaking  machine  a  light  yell 
tate  formed  which,  when  filtered  off,  washed  consea 
water  and  cold  alcohol,  and  recrystallized  from  hot  alo 
at  II4°-II4.5''. 

(CH.),  (CH.), 

^         , ^ 

c,h,ch!o    H.iN    n:^hcc,h 

' + '  1  =  1  .+ 

C.H,CH;0     H,:N      N=HCC,H, 
^         -         -  \ 

(CH,),  (CH,), 

The  analysis  was ; 

o.  1091  gram  burned  with  cuprjc  oxide  gave  at  14°  and  741 
saturated  nitrogen  gas  equivalent  to  11.799  '''S'  nitrogen. 

1  A»m.  Oum.  (Uebig).  151,  17J. 

■  Wilbclm  Gnr:  Inaug.  DiiKitBtion.  1SQ9,  UnivcntiiU  Bncbdrucknei 
Heiddbetg. 

•  l.praU.  Chr^..  Neue  Folge,  89,  43- 
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CatcaUted  for 

Ci|tI«N,(9«4).  Pound. 

NitrogeD 10.60  io.8t 

'he  aldazine  of  3.5-dimethyIbeDzaldehyde  is  soluble  in  methyl 
ethyl  alcohols,  ether,  benzene,  toluene,  xylene,  and  glacial 
ic  acid.    It  is  insoluble  in  water. 

PHKNYLHYDRAZONB  OF  2.5-DlMETHYI,BBNZALDBHYDB. 
CH, 

/  \  CH=N-HN  {  \ 

\=/  \_/ 

CH, 
ive  grams  of  2.5-dimethylbenzaldehyde  dissolved  in  an  equal 
jht  of  alcohol  were  added  to  a  mixture  of  1.8  grams  of  pbeiiyl- 
razine  dissolved  in  a  mixture  of  two  grams  of  gladal  acetic 

and  an  equal  volume  of  water.  Upon  shaking,  the  hydrazone 
irated  as  a  yellowish- white  precipitate  which,  filtered,  washed 
■ecutively  with  water  and  cold  alcohol,  and  recrystallized  from 
ial  acetic  add,  melted  at  84°-85.5'*. 

(CH.). 

^         

C,H,CH;0  +  H.|NNHC,H,  = 

(CH.), 

H,0  +  C.H,CH  =  N— NHCH, 
;  is  necessary  to  conduct  this  experiment  quickly,  as  thehydra- 
;  is  very  unstable.  The  crystals  soon  turn  a  yellowish  brown 
subsequently  a  deep  red.  This  red  color  appears  when  an  al- 
Dlic  solution  of  the  hydrazone  stands  for  some  time;  also  when 
hydrazone  is  placed  in  an  exhausted  desiccator, 
.nalysis  : 

1541  gram  burned  with  copper  oxide  gave  at  17°  and  750  mm.,  6  cc.  of 
rated  nitrogen  gaa,  equivalent  to  6.870  mg.  nitn^n.    . 

Calculated  for 

C,iH|,N,(ai4)-  Fonnd. 

Nitrogen 13.50  H.67 

[ydrazone  of  3.5-dimethylbenzaldehyde  is  soluble  in  ethyl  and 
hyl  alcohols,  ether,  benzene,  toluene,  and  xylene.  It  is  in- 
ible  in  water. 
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OXIMB  OP  3.5-DIUETBYLBENZALDBHYDB. 


/- 


i;  CH=NOH 


CH, 
Two  grams  of  2.5-dimethylbeiizaldehycle  were  disso 
grains  of  alcohol.  To  this  solution  was  added  a  solut 
grains  of  hydroxylamine  hydrochloride  in  5  grams  of 
subsequently  a  solution  of  4.5  grams  of  potassium  by 
5  grams  of  water.  The  mixture  was  placed  in  a  sn 
bottomed  flask,  provided  with  a  reflux  condenser  and 
two  hours  upon  a  water -bath.  The  alcohol  was  the 
evaporated  and  the  solution  poured  into  50  grams  of 
filtered  to  remove  any  unchanged  aldehyde.  The 
was  then  precipitated  by  the  addition  of  dilute  hydroc 
The  colorless  crystalline  precipitate  was  filtered  o 
upon  an  unglazed  porcelain  plate  and  recrystalHzed  fi 
cent,  alcohol. 

The  crystals  meltedat  83.5''-84''. 

(CH,),  (CH,). 

^  // 

C.H,CH!0  +  H,  NOH  =       C,H,CH=NOH  - 

Analysis  : 

0,0939  sram  burned  with  cupric  oxide  gave  at  19°  and  744  ir 
ura ted  nitrogen  gas,  equivalent  to  S.752  mg.  nitrogea. 

Calculaled  [or 
C,H,|NO(Mgj. 

Nitrogen 9.39 

The  oxime  is  soluble  in  ethyl  and  methyl  alcohols, 
zene,  toluene,  xylene,  and  acetic  add.     It  is  insolub 

BENZIDINE  DERIVATIVE  OF  2.5-DIMETHYLBENZALI 

CH.  

CH. 

0-75  gram  benzidine  were  dissolved  in  5  grams  wa: 
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1  small  flask.  To  this  was  added  i  gram  2.5-dimethylbeiiza 
lyde  dissolved  in  two  grains  alcohol.  The  contents  of  the  flaa 
'e  gently  warmed  until  a  yellow  crystalline  precipitate  vt 
med.  This  was  filtered  off  by  means  of  a  filter-pump,  wasbe 
1  with  alcohol,  and  reciystallized  several  times  out  of  toluem 
e  crystals  melt  at  187.5°  tincorrected  temperature,  to  an  opi 
»nt  liquid  which  remains  unchanged  at  330°.  The  condensi 
1  takes  place  according  to  the  following  equation  : 
[.  CH 


■^Hp+EiN;.  //—i  /.  NiH^+aHC/ 


\..  /-\_  "^'="\_/^ 


Analysis : 

'.08495  gram  of  the  snbstance  bnmed  wilh  cupric  oxide  gave  at  16"  a 

i  mm,,  5.6  cc.  nitrogea  equivalent  to  6.0564  nig.  nitrogen. 


Nitrogen  6.73  7.11 

I.  The  crystals  appear  to  be  orthorhombic.      Combinatii 
rms  are  chiefly  a  pyramid  and  a  pinacoid. 

II.  The  axial  ratios  are  approximately  : 

a  :*:f^=  0.5255  +  :  I  :  approximately  i  +  , 

III.  Axes  *  and  c  are  very  nearly  the  same  length. 
Assuming  the  pinacoid  as  basal,  the  forms  are 

(r)  a:i>:    <r=iii. 
(2)  a:  b:  of^ooi. 
One  prism  plane  was  noticed  on  one  crystal, 
a:  *  :  00c ^  no, 

IV.  The  crystal  is  pleochroic,  greenish   yellow   to  yellowi 
"een,  showing  greatest  absorption  parallel  to  axis  d. 

The  crystals  of  the  benzidine  condensation,  which  are  of 
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ur-yellow  color  and  very  large,  are  soluble  in 

le,    xylene,   chloroform,    slightly  soluble   in  ac 

ne. 

ey  are  insoluble  in  methyl  alcohol,  ethyl  alcohol, 

old  water. 

NILINE  DERIVATIVE  OF  3.5-DIMETHyLBENZALDE 
CH, 

>  CH=N  • 


\_/' 


CH, 

grams  frethly  distilled  aniline  were  placed  in  a  si 
med  fiask ;  tothis,  i  gram  aldehyde  was  addec 
are  heated  for  three  hours  on  a  water-bath.  The 
e,  a  golden  brown  liquid,  was  allowed  to  stand  se 

placing  the  flask  into  ice-water,  crystals  with  a  y 
ated  out.  These,  recrystallized  from  not  too  dili 
d  at  51°  uncorrected  temperature. 
:oo  dilute  alcohol  is  used  the  condensation  prod 
to  its  original  constituents.  The  reaction  is  at 
)f  the  benzidine  condensation. 
CH, 


CH,  __ 

■^  ^,  CH=N  -^. 

CH, 
olysis : 

[O  gram  of  the  substance  buraed  with  cupric  oxide  at  39°  1 
1.5  cc.  nitrogen,  corresponding  to  a. 77  mg.  nitrogen. 
Calculaled  [or 
C,.H„N(»,). 

Nitrogen 6.69 

:  crystals  form  glancing  plates  very  soluble  in  etl 
ol,   ethyl  alcohol,  benzene,   toluene,  xylene,  an 


2.5-DIHBTHYI3BNZALDBHYDB.  d03 

iter  decomposes  the  compound  very  easily,  forming  aniline  and 
ehyde. 

2.5-DIMETHYI,CINNAMIC  ACID. 

___  CH. 
{  >CH=CH— COOH 


CH. 
.35  grams  freshly  distilled  aniline  were  placed  in  a  round-bot- 
led  flask,  and  to  this  i  gram  redistilled  2.5-dimethylbenzalde- 
le  was  added.  The  Bask  was  provided  with  a  safety-tube 
lut  two  feet  long,  which  prevented  the  entrance  of  any  mois- 
e. 

Phe  mixture  was  boiled  three  hours  on  a  water-bath  ;  then  the 
iperature  was  raised  a  little  above  100*. 

)ne  gram  malonic  acid  dried  at  100°  for  one  hour  was  dissolved 
absolute  alcohol  and  added  to  the  solution. 
Phe  golden  brown  liquid  was  allowed  to  stand  over  uight,  the 
ety  tube  being  plugged  to  keep  out  the  moisture. 
:n  the  morning  a  light  colored  crystalline  mass  formed,  which 
itaiued  no  trace  of  the  green  color  often  formed  as  a  by- 
duct. 

:n  order  to  remove  the  aniline  set  free  in  the  reaction,  3  grams 
concentrated  hydrochloric  acid  diluted  with  3  grams  water 
re  added,  and  the  substance  was  allowed  to  stand  three-quarters 
an  hour.  At  the  end  of  this  period,  the  aniline  hydrochloride 
s  filtered  off,  and  the  residue  washed  with  water  until  the  wash- 
ter  remained  clear.  The  residue  was  then  thoroughly  extracted 
th  hot  benzine.  White  needles  cry.itallized  out  of  the  benzine 
ution,  which  melted  at  176.5°  uncorrected  temperature,  when 
n-ystallized  out  of  alcohol. 

The  yellow  substance  remaining  in  the  flask  was  a  dye,  which 
solved  in  alcohol  to  a  red-green  fluorescent  liquid.     This  was 
:med  as  a  by-product. 
CH, 


/-CH|bTH,iN-: 


I  .; 


•  • 


'i 


.« 


/ 


^1'    •.    . 


'  '  .   *      • 


•  m 


^         - 


* 

I  a 


'      .  ■.     I 
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CH, 


/ 


/, 


CH=N 


\ 


+  H.O. 


/' 


CH, 


CH. 


-_\ 


\ 


\ 


-^ 


\ 


/ 


>.CH= 


1 '^ll 

[                                ^ 

!              / 

■"  \ 

y+H. 

:               ^ 

/' 

/COOH 
COOH 


^ 


1 


CH, 


\ 


NH,+ 


/ 


/ 


CH, 

<iCOOlH 
COOH 


CH, 


CH, 


CH=CH— COOH  +  CO,. 


CH, 


Analysis  : 

0.1440  gram  burned  with  cupric  oxide  gave  0.3970  gram  carbon  dioxide 

and  0.0872  gram  water  ;  equivalent  to  0.10827  gram  carbon  and  0.00968  gnn 

hydrogen. 

Calculated  for 

CiiHMOt(i76).  Poond. 

Carbon 75  74.98 

Hydrogen 6.81  6.71 

The  crystals  belong  to  the  triclinic  system  and  have  indefinite 
faces.     The  extinction  angle  is  high. 

2.5-Dimethylcinnamic  acid  is  soluble  in  methyl  alcohol,  ethyl 
alcohol,  ether,  chloroform,  benzine,  benzene,  toluene,  xylene,  and 
acetone.  It  is  insoluble  in  cold  water,  but  soluble  in  a  great  ex- 
cess of  hot  water. 

2.5-Dimethylcinnamic  acid  acts  as  an  unsaturated  compound, 
forming  with  bromine  a  brom  compound  and  with  hydrogen  a 
hydrocinnamic  acid. 


2. 5-DIHBTHTI.BENZALDBHVDB. 

2.5-DIUBTaYLaYDKOCINNAMIC  ACID. 
CH, 


/^CH,-CH,— COOH 


CH, 


Vo  grams  dimethylcinDamic  acid  were  treated  in  a  small  flask 
h  3  grams  water  and  sufficient  dilute  sodium  bydroxide  wa: 
led  to  render  the  solution  clear  and  weakly  alkaline.  Thesodium 
:  of  the  cinnamic  acid  which  is  soluble  in  water  was  formed, 
'o  form  the  hydro  compound  2  grams  of  4  per  cent,  sodium 
dgam  were  added  very  gradually  in  order  to  utilize  all  the 
Irogen  generated.  When  all  the  mercury  had  been  set  fre« 
contents  of  tbe  flask  were  gently  warmed  on  the  water-bath, 
1  then  the  mercury  was  filtered  off. 

)ilute  hydrochloric  acid  was  added  to  the  filtrate  until  all  th« 
t  was  separated  out  as  a  white  precipitate.  This  was  filtered, 
ssed,  and  dried  on  a  porous  plate,  and  crystallized  twice  from 
zene.  The  needle-shaped  crystals  melt  at  111.5°  uncorrected 
iperature. 

'he  reduction  takes  place  in  the  following  t 
CH, 


■~CH=CH  —  COOH  +  H,  = 
CH, 


■CH,  — CH,— COOH 


TRITHIO  DERIVATIVE  OF  2. 5- DIM ETHYLBENZ ALDEHYDE. 
CH, 


6o6  2.5-DlHBTHYLBBNZALDBHVDB. 

One  gram  3.5-dimethylbeDzaldehyde  was  dissoh'ed  i 
absolute  alcohol.  Three  grams  of  concentrated  1 
acid  were  added  to  this  solution.  A  rapid  stream  c 
sulphide  was  passed  through  this  mixture  three  and 
at  room  temperature. 

The  solution  first  turned  blue,  due  to  formation  ol 
thio  derivative,  then  a  white  precipitate  separated  out 
end  of  the  reaction  a  pinkish  yellow  adhesive  mass  n 
predominant  amount  of  a  chalk-like  precipitate  had  f 

The  supernatant  liquid  was  poured  off,  the  residue 
washed  with  alcohol  and  then  pressed  and  dried  t 
plate. 

The  substance  dissolved  in  benzene  would  not  cry 
crystal  of  iodine  was  then  added  to  the  solution,  whi 
allowed  to  stand  several  weeks,  when  large  colorless 
monoclinic  system  separated  out.  These  were  recryst 
absolute  alcohol. 

Melting-point  =  1 10°  uncorrected  temperature.  ' 
rivative  is  a  polymer. 

I  CH.  j         !~  CH. 


CH,  ICH, 

Owing  to  the  small  amount  of  the  pure  substance  c 
combustion  was  made,  but  the  molecular  weight  was 
by  the  depression  of  the  freezing-point, 

wsighi  btoieoe       weight  of 


0.05M 

Per  cent 

0.4fi 

Depression  = 

3.80 
□.04. 

lated  for 

450  453-7 

The  crystals  are  soluble  in  benzene,  absolute  alct 
form  and  insoluble  in  water.  They  possess  the  peculii 
isticodor  of  the  aromatic  thioaldehydes. 


INTKIBDTiaN  PBOU  THE  JOHN  HarKISON  LABORATORY  OP  C 

NO.  S9.] 
rHE  ELECTROLYTIC  METHOD  APPLIED  TO  URANIUM. 

By  LiLf  Gatit  Edi.u>ce  ahd  Bdoax  F.  Bidtb. 


■^  HE  purpose  of  the  presant  communication  is  to  call  attention 
to  the  conditions  under  which  uranium  can  be  quanbita- 
ely  determined  in  the  electrolytic  way  in  solutions  of  the  ace- 
e,  the  sulphate,  and  the  nitrate,  and  also  to  record  several  se|)a- 
ioos  of  uranium  by  the  same  means  from  other  metals.  It  is 
t  necessary  to  comment  further  upon  the  form  in  which  the 
inium  is  precipitated  or  upon  the  way  in  which  the  deposit  is 
l>sequently  treated  in  order  to  weigh  it,  as  those  points  have 
^ived  sufiBcieut  attention  elsewhere.* 


Electbolysis  o 


URAinrM  ACBTATE. 


■Si 

1 

1 

i 

it 

II 

ri 

u 

5  = 

nij 

5 

g 

ly  Sk 

0.0986 

IJ5 

N.D-im  =0.39    A 

16.35 

70 

5 

0.0988 

-t-0.0003 

0.0986 

0.1 

125 

N.D.,„  =0 

3      A 

70 

0989 

+0.0003 

0.1971 

0.3 

"5 

N.D.,„  =  o 

55    A 

'3-5 

70 

4 

0 

.968 

—  0,0004 

0.1971 

0.3 

laS 

N.D.,<„  =0 

3      A 

10-75 

70 

6 

0 

1970 

—  0.O0O3 

0.1973 

0.3 

"5 

N.D.^=o 

135  A 

5.5 

70 

5 

0 

0966 

—  0.0006 

0.3953 

0.2 

"5 

N.D.,0,  =0 

16    A 

4-5 

75 

5 

0 

3946 

—  0.0006 

0.3953 

O.I 

135 

N.D.,„=o 

I      A 

4.5 

70 

7 

0 

3948 

—  0.0004 

0..398 

0.1 

"5 

N.D.,„=o 

09    A 

4.25 

70 

6 

0 

2297 

—  0.0001 

0,3398 

0.2 

"5 

N.D.,^  =  o 

07    A 

4.»5 

70 

Si 

0 

2399 

+  0.0001 

0.3398 

0.1 

"5 

N.D.,<„=o 

05    A 

4-0 

65 

5 

0 

3399 

+  0.0001 

It  was  hoped  that  possibly  irou  might  be  separated  from  ura- 
um  in  the  acetate  solution.  Direct  experiment  demonstrated 
e  opposite.  The  basic  iron  salt  invariably  separated  when  the 
mperature  of  the  solution  rose  to  50°  C.  Further,  the  presence 
iron  in  the  solution  apparently  retarded  the  precipitation  of 
e  uranium,  as  none  of  the  hydroxide  of  the  latter  separated 
ith  a  current  of  o.  18  ampere  and  8  volts.  On  adding  chrome 
lun  to  the  uranium  acetate  solution  containing  2  cc.  of  free 
«tic  add  and  increasing  the  voltage  to  20,  there  occurred  no 

'Am.  Cktm.J.,  I,  J39:  ThU  Joumal,  ao.  1T9:  (Dd  Smltb's  "ElectioclMtnlcal  AubI]'*!*," 
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deposition  of  uranic  hydroxide  ;  the  chromic  oxide  on  the  other 
hand  was  converted  into  chromic  acid. 

The  Electrolysis  of  Uranyl  Nitrate  Solutions. 


Ur,08 

present 

in  grams. 

Dilution, 
cc. 

Temper- 
ature. 

•c. 

• 

Current. 

Volt- 
age. 

Time. 
Hours. 

found  in 
grams. 

0.1222 

125 

75 

N.D.jft,  =  0.035  A 

4.6 

si 

0.1225 

0.1222 

125 

65 

N.D.jQT  —  0.04    A 

2.25 

n 

O.I 218 

Quantitative  results  were  also  obtained  by  the  electrolysis  of 
the  sulphate.  The  neutral  salt  solution  was  diluted  to  125  cc 
and  heated  to  75^  C,  when  a  current  of  from  0.02  to  0.04  ampere 
for  107  sq.  cm.  of  cathode  surface  and  2.25  volts  was  passed. 

Eli^rolysis  of  Uranyl  Sulphate. 


0 

t. 

p.lft 
8 

ii 
us 

Dilution, 
cc. 

Temperature. 

•c. 

■ 

5 

• 

& 

OB 

"0 

> 

Time. 
Hours. 

a 
c 

1. 

0. 1320 

125 

75 

N.D. 

,07  —  0.02    A 

2 

6i 

0.1320 

«  •  ■  • 

0.1320 

"5 

75 

N.D. 

,07  _  0.02    A 

2 

5i 

0.1322 

+ 

0.0002 

01393 

125 

75 

N.D. 

107  —  0.04    A 

2. 

25 

5 

0.1395 

+ 

0.0002 

0.1393 

125 

70 

N.D. 

107  ^  0.038  A 

2. 

25 

7 

0.1392 

0.0001 

■  m 


THE  SEPARATION  OF  URANIUM  FROM   BARIUM,  CALCIUM,  MAGNE- 
SIUM, AND  ZINC. 

In  the  paper  by  Smith'  to  which  reference  has  already  been 
made,  he  calls  attention  to  the  separation  of  uranium  in  the  elec- 
trolytic way  from  the  alkali  metals  and  from  barium.  Actual 
results  are  given.  It  seemed  desirable  to  amplify  the  suggestion ; 
hence  the  presentation  of  the  results  given  below.  It  may  be 
said  here,  that  in  attempting  to  separate  nickel  and  cobalt  no 
satisfaction  could  be  obtained,  so  that  eventually  that  particular 
line  of  experiment  was  abandoned.  During  the  precipitation  of 
the  urano-uranic  hydrate  the  dish  should  be  well  covered  so  that 
as  little  evaporation  as  possible  occurs.  It  was  obsen^ed  that  in 
case  of  evaporation  there  was  danger  of  other  salts  separating 
upon  the  exposed  metal  and  on  refilling  with  water  the  uranium 
precipitate  was  apt  to  enclose  the  same  and  thus  carry  with  it  a 
slight  impurity.  This  precaution  is  especially  necessary  in  the 
separation  from  zinc. 

'  Loc.  cit. 


ei,bctroi.ytic  method  applied  to  uranium. 
Separation  of  Uranidm  from  Barium  (Acbtatbs). 


las      70      N.D.i„=o,oaA     i      5i    ■ 
laj     65     N.D.,„=o.o4A    8     si 


1 

k 

119 

+  0.0003 

117 

+  0.0001 

SSPARATION  OF  URAKIUM  FROU  CaICIUM  tACKTATKS). 


nh 

§ 

s 

11   II 

0.3    IJ5 

70    N.D.,i„  =  0.O25A 

1.35 

H  0..113 

O.J    115 

70    N.D.,„=o.o4   A 

a.5 

5i    0.II14 

0.3    W5 

70    N.D.m=o-05   A 

a.25 

41    0...,3 

0.1    135 

70    N.D.,„  =  o.oa5  A 

41    0.1115 

II 


Sbparation  op  Uranium  from  Mackbsium  (Acetates). 


0.1  0.1  IJ5  70  N.D.,5,  =  o.026  A  1.15  6  0.1115 
0.1  0.1  115  70  N.D.|i„=o.05  A  a.as  510.1104 
0.1     0.1    135     75     N.D.,„,=o.i5    A    4.0      4    0.1119 

Separation  of  Uranium  prom  Zinc  (Acetates). 

s  I*       E  i 

«     SS    .       I  1 


16  S 


0.1  IJ5  70  N.D.,„  = 

0,1  115  70  N-D-ij,  - 

0.1  125  70  N.D.|„- 

0.3  125  75  N.D.,„^ 

0.3  I3S  75  N.D.jtn^ 

0.3  135  175  N.D.io,- 
F  Pehhsvlvania. 
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rTRiBimoN  FROM   THE  Havbmeybr  Laboratories  o7  Colitubla. 

University,  No.  30,] 
i  SYNTHESIS  OP  ALKYL  KETODIHYDROQUINAZOLINS 
FROM  ANTHRANILIC  ACID. 

R«flv«lIUMM..BO., 

THEORY. 

:  has  been  shown  in  two  previous  papers'  that  the  action  of 
iles  upon  anthranilic  acid,  when  heated  together  under  pres- 
;,  results  in  the  formation  of  ketodihydroquinazolins ;  and 
be  second  paper  the  preparation  of  2-methyl-4-ketodihydro- 

lazolin  (or  a- methyl- /3-quinazolon),  C,H,/^  )         ,  was 

X;0—  NH 
Dssed  in  detail,  both  theoretically  and  practically.  The 
ient  paper  treats  of  the  application  of  this  method  to  the 
thesis  of  higher  members  of  the  series  ;  vis. ,  the  ethyl,  normal 
isopropyl-,  isobutyl-,  and  isoamylquinazalons,  the  last  two  be- 
new  ;  and  also  the  preparation  of  several  of  their  derivatives. 
t  has  already  been  stated'  that  the  addition  of  acetic  anhydride 
1  found  very  beneficial  in  the  preparation  of  the  methyl  deriva- 
:  and  that  the  reactions  thought  most  probable  are  as  follows : 
ihout  anhydride : 


6l3  AUGUST   HBNKY  GOTTHHLF. 

<NH,  ,NH, 

+  CH,CN  =  C,H,< 
COOH  VONHCOCH 

,n!h;  Oi  ,N   =C< 

11.  c.h/ Ti'         =c.h/         I 

XO  — NH  — C-CH,  ^CO-N 

With  anyhydride : 

,NH, 
I.  C,H.<  +(CH,CO),0  = 

VOOH      ■ 

,NHCOCH, 


:.H.< 


;ooH 

NHCOCH,  ,NHC0C1 


+  CH,CN=CH,< 
COOH  N 


■CONHO 
C  — CH. 


Oi 
\c6nh1 


•N   =CCE 

I     - 

!0— NH 


/N|<C0CH, 

IV.  C.H.<      - 


M  =CCH, 

=c.h/         I     + 

\CO— NH 
'CO— NH— C— CH. 
In  preparing  the  higher  derivatives,  various  mo 
the  process  were  tried  in  order  to  throw  more  light 
reactions  and  to  determine  the  conditions  necessan 
yield.     These  may  be  summed  up  as  follows :  Ant 
was  heated  with : 
I.  Nitrite  alone. 

1.  Propionitrile. 

2.  M-Butyronitrile. 

3.  Isovaleronitrile. 

4.  Isocapronitrile. 

Nothing  in  confirmation  of,  or  opposition  to,  the  t 
reaction  as  given  above  was  discovered  from  these 
The  yield  varied,  being  very  poor  in  some  cases  ; 
others. 
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I.  Nitrile  and  the  corresponding  add  anhydride. 

1.  Propionitrile  and  propionic  anhydride. 

2.  B-Butyronitrile  and  «-butyric  anhydride. 

3.  Isovaleronitrile  and  isovaleric  anhydride. 

'be  addition  of  anhydride  was  found  to  greatly  increase  the 
d  in  every  instance.  The  reaction  probably  taking  place 
ler  these  conditions  has  already  been  shown.  The  rapid  com- 
ation  of  the  anhydride  with  the  anthranilic  acid  was  indicated 
each  case  by  the  mixture  becoming  warm  and  solidifying 
lost  immediately  after  mixing. 

lie  by-products  of  the  reaction  are  the  anilide  and  amide  of  the 
y  add  whose  anhydride  and  nitrile  are  used.  The  former  is 
nd,  however,  only  in  those  tubes  which  show  considerable 
ssure  on  opening,  and  its  formation  is,  therefore,  probably  due 
he  splitting  off  of  carbon  dioxide  from  the   acylanthranilic 

I.  The  presence  of  the  amide  can  be  explained  by  supposing 
xondary  amide  to  form  in  the  tube  by  the  interaction  of  the 
y  add  and  nitrile,  which  then,  on  hearing  with  water  in  the 
;r-treatment  of  the  tube-contents,  decomposes  to  the  primary 
"^*  '•  RCOOH  -f  RCN  =  (RCO),NH 

(RCO),NH  +  H,0  =  RCONH,  +  RCOOH 

II.  Nitrile  and  a  different  add  anhydride. 

n  the  experiments  thus  far  considered  the  formation  of  but 
I quinazolon  was  possible  (excluding  tautomeric  forms),  but 
en  different  anhydrides  and  nitriles  are  used,  two  may  result,  as 
>wn  by  the  following  equations : 

<NH,  ,NHCOR 

+  (RCO),0  =  C,H.<  +  RCOOH 

COOH  N:OOH 

,NHCOR  /NHCOR 

C,H,<  +  R'CN  =  C.H,< 

\C00H  \CONHCOR' 

The  reaction  so  far  is  the  same  as  usual,  but  now,  in  forming 
:  ring,  dther  RCOOH  or  R'COOH  may  split  off,  resulting  in 
ierent  qninazolons : 

Ch     I 

/Ni-^-cOR  1  ,N   -  CR' 

1.      C,H/      I  Ol- RCOOH -^C,h/  I 
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n.  CH.<^  \-.^^.^        -r'cooh  =  c.h/ 
co-nh"-)co^ 

The  raactioDs  tried  were : 

A.  Nitrile  and  a  higher  acid  anhydride. 

1.  Acetonitrile  and  propionic  anhydride. 

2.  Acetonitrile  and  «-butyric  anhydride. 

3.  Acetonitrile  and  isobutyric  anhydride. 

4.  Propionitrile  and  isobutyric  anhydride. 

In  these  cases  the  reatXion  always  followed  equatio 
the  anhydride  determined  which  quinazolon  was  fa 
giving  ethyl;  (2)  normal  propyl  i  and  (3)  and  (. 
quinazolon. 

B.  Nitrile  and  a  lower  acid  anhydride. 

1.  Propionitrile  and  acetic  anhydride. 

2.  Isocapronitrile  and  isobutyric  anhydride. 

3.  Isocapronitrile  and  n-butyric  anhydride. 

Of  these,  (i)  yielded  pure  methyl  quinazolon  ai 
reacted  according  to  equation  (II),  while  (2)  and 
mixtures. 

IV.  Nitrile  and  the  corresponding  acid. 

The  reaction  in  this  case,  if  it  follows  the  same  cou 
anhydride  is  used,  is  as  follows  : 


/NH,  ,NHCOR 

I.  C,H,<  +RCOOH  =  C,H,< 

COOH  ^COOH 


,NHCOR  ,NHCOR 

<'  +RCN=C.H.< 

•CONHCC 

NHCOR  ,N 


:.H.< 

+  RCN=C.H.< 
COOH  \( 

< NHCOR  /I'. 

—  rcooh=c.h/ 
CONHCOR  x:( 

It  does  not  seem  likely,  however,  that,  especial 
higher  weaker  acids,  reaction  (I)  proceeds  to  any  gri 
at  all,  as  it  depends  on  the  affinity  between  the  fatty 
amino  group  of  the  anthranitic  acid,  an  affinity  wl 
the  higher  acids,  is  practically  zero.  Experiments  b 
with  normal  butyric  and  isocaproic  adds  show  that 
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ae  conditions  as  to  beat  and  pressure  that  existed  in  the  tubes, 
se   adds  do   not  coiubine,  to  any  appreciable  extent,  -  with 
hranilic  add. 
rbe  nitriks  and  acids  used  were : 

t.  Acetooitrile  and  acetic  add. 

3.  Propionitrile  and  propionic  add. 

3.  M-Butyronitiileand  M-butyric  add. 

4.  Isocapronitrile  and  isocaproic  add. 

n  these  reactions  the  results  were  very  similar  to  those  of  case 
) ,  the  yidds  bdng  about  the  same  and  aniiides  and  amides  being 
nd  as  by-products.  The  formation  of  the  amide  can  be  more 
iply  explained  in  this  case  by  the  action  of  the  liberated  water 
the  nitrile.  In  order  to  allow  for  this  saponification,  two  mole- 
es  of  nitrile  were  used  to  one  each  of  anthranilic  add  and 
£y  add.  The  aniiides  are  doubtless  due  to  the  action  of  aniline, 
med  by  the  decomposition  of  anthranilic  acid,  on  either  the 
ty  acid  or  the  amide. 
/.  Nitrile  and  a  different  add. 

Vs  in  the  third  case,  so  in  this  one,  the  formation  of  two  quin- 
lons  is  possible.     The  reactions  tried  were  ; 
4.  Nitrile  and  a  higher  acid. 

1.  Acetonitrile  and  propionic  add. 

2.  «-Butyronitrile  and  capric  add. 

3.  Isocapronitrile  and  capric  acid. 

5f  these,  (a)  and  (3)  gave  pure  quinazolons ;  the  former,  the 
■mal  propyl,  and  the  latter,  the  isoamyl  derivative.  The 
)ric  add  appears,  therefore,  to  have  taken  no  part  in  the 
ction,  probably  because  it  is  too  weak  to  form  any  acyl  deriva- 
e  whatever  with  the  anthranilic  add.  Reaction  (i),  on  the 
itrary,  gave  a  product  which  was  evidently  a  mixture. 
B.  Nitrile  and  a  lower  add. 

1.  Acetonitrile  and  formic  add, 

2.  Propionitrile  and  formic  add, 

3.  Isocapronitrile  and  formic  add, 

4.  Isocapronitrile  and  propionic  add. 

Reaction  (4)  resulted  in  pure  isoamyl  quinazolon  and  (3)  in 
amyl  quinazolon  with  a  trace  of  what  appeared  to  be  4-ketodi- 
droquinazolin  itsdf,  while  (i)  and  (2)  gave,  apparently,  no 
enmiazine  derivative  at  all. 
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Id  considering  those  reactions  in  which  anhydric 
not  corresponding  to  the  nitriles  were  used,  it  will  1 
their  course  appears  to  depend  both  on  the  ease  with 
anhydride  or  add  reacts  with  anthranilic  acid  to  fi 
thranilic  add,  and  on  the  molecular  weights  of  the  ra 
duced.  Thus,  under  III,  A,  using  nitrile  and  a  hi 
dride,  normal  and  isobutyric  anhydrides  were  heated 
and  propionic  nitriles  and  in  every  case  pure  normal 
quinazolon  resulted,  while,  under  V,  A  (nitrile  and  a 
dride),  the  same  anhydrides,  when  heated  with  iso 
yielded  mixtures.  Evidently,  in  the  latter  case,  i 
weight  of  the  isocaproyl  radical  has  exerted  its  in 
forced  out  the  lighter  radical  as  indicated  in  equa 

That  the  product  also  depends  upon  the  relative 
the  adds  and  anhydrides  is  shown  by  the  fact  that, 
anhydrides,  pure  quinazolons,  whose  formulas  dep 
that  of  the  anhydride,  were  obtained  in  five  insta: 
when  using  adds,  in  every  case  either  a  mixture  rest 
quinazolon  obtained  depended  wholely  upon  the  nitrili 
is  clearly  shown  by  comparing  reactions  III,  A,  i  a 
in  which  propionic  anhydride  and  propionic  add  ' 
with  acetonitrile  and  yielded,  respectively,  pure  ethy 
and  a  mixture. 

To  roughly  determine  the  ease  with  which  the  1 
acids  and  anhydrides  combine  with  anthranilic  add 
periments  were  performed,  a  description  of  which  w 
at  the  end  of  this  paper. 

For  purposes  of  comparison  the  melting-points  of  t 
Ions  treated  of  in  this  paper  are  here  tabulated, 
noticed  that  they  descend  with  the  increase  in  molec 
and  that  the  isoderivatives  melt  much  higher  thai 
spending  normal  ones. 

Methyl 339° 

Ethyl 234° 

Propyl i99''-ioo'  i; 

Butyl i; 
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EXPKRIMBNTAL  PART.' 
D  all  tbe  foUowiog  work  the  proportions  of  material  used,  tm- 
.  specially  mentioned,  were  the  same  in  corresponding  reactions; 
,  when  njtrile alone  was  used,  two  molecules  were  heated 
b  one  molecule  of  anthranilic  acid  ;  when  acid  anhydride  was 
ed,  the  proportions  were  one  molecnle  nitrile,  one  of  anhy- 
Le,  and  one  of  anthranilic  acid;  when  a  fatty  acid  was  substi- 
k1  for  the  anhydride,  one  molecule  of  fatty  acid,  two  of  nitrile, 
one  of  anthranihc  add  were  used. 

2-BTHYL  4-KBTODIHYDROI2UINAZOLIN, 
.N   =CC,H. 

c.h/         t 

X;0  — NH 
Preparation. 
.  Anthranilic  Acid  and  ProfnonilrHe. — The  tube  was  heated  to 
°-i8o''for  six  hours  and  then  to  aoo''-2io°  for  another  six 
,rs.  After  the  first  period  the  pressure  was  considerable  but 
;r  the  second  it  was  slight.  The  tube-contents  were  dark- 
»red,  completely  crystalline,  and  smelled  of  ammonia.  They 
e  treated  with  cold  sodium  carbonate  solution  and  the  undis- 
'ed  portion  filtered  out.  The  latter  was  then  ground  in  a 
-tar  with  cold  dilute  caustic  potash  solution,  the  mixture 
ired,  the  residue  washed,  and  the  quinazalon  precipitated  from 
filtrate  by  passing  carbon  dioxide.  The  yield,  after  crystal- 
]gonce  from  water,  amounted  to  22  J^  per  cent,  of  the  theo- 
cal. 

'he  residue  from  the  caustic  potash  treatment  was  crystal- 
d  from  water  and  found  to  be  propionanilide,  crystallizing  in 
lets,  melting  at  I04°-io5°,  and  yielding  aniline  when  boiled 
h  caustic  alkali.  It  was  probably  formed  by  the  action  of 
line  on  propionamide,  resulting  in  ammonia  and  propion- 
lide ;  as  mentioned  above,  ammonia  was  found  in  the  tube. 
I.  Anthranilic  Acid,  PropionitriU,  and  Propionic  Anhydride. — 
Is  tube  was  heated  to  ifc^-iyo^and  to2oo''-2io''  for  six  hours 
h,  opening  after  each  period.  There  was  considerable  pres- 
e  after  the  first  heating  and  very  little  after  the  second,  the 
e  contents  consisting  of  a  light  brown  homogeneous  mass  of 

All  mcltliiff'paints  ^vtD,  unltBS  atattd  to  be  uncorrccled^  1 
:bGti  short-scale  Itiermomelcra,  the  entire  meicuiy  <^1"'Oi>  ti 
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crystalline  material.  This  was  treated  with  cold  sot 
nate  solution,  and  the  residua  extracted  with  alcoho 
practically  all  dissolred.  The  alcoholic  solution,  afl 
colorized  with  bone-black,  was  evaporated  and  the  r 
tallized  from  water.  The  impure  ethyl  quinazolon  tl 
was  separatftd  from  the  propionanilide  mixed  with  it  1: 
cold  dilute  caustic  alkali  as  described  under  (I).  T 
31  >^  per  cent. 

With  another  tube  the  treatmuit  with  alcohol  was 
residue  insoluble  in  sodium  carbonate  being  warmed  < 
dilute  caustic  potash  for  a  short  time.  The  solutic 
cooled  to  permit  the  propionatiilide  to  crystallize,  filte 
quinazolon  precipitated  and  purified  as  before.  The 
case  was  29  per  cent. 

The  effect  of  an  excess  of  anhydride  and  nitrile  wa 
a  tube  being  prepared  containing  the  substances  in  tl: 
of  I  }4  molecules  of  anhydride  and  2  of  nitrile  to  i 
anthranilic  acid.  It  was  heated  to  160°— 170"  for  six  I 
20o°-2io°  for  a  similar  period  and  yielded  30  per  cec 
azolon. 

III.  Anthranilic  Acid,  PropionitriU,  and  Propioi 
tube  coutainingthesewasheatedtoi6o''-i65''andto2i 
five  hours  each.  There  was  strong  pressure  after  th' 
ing  but  little  after  the  second,  and  the  contents  were '. 
and  crystalline.  They  were  treated  successively  i 
carbonate  and  caustic  potash  solutions  in  the  manner 
scribed  and  the  yield  was  36  per  cent,  of  the  theor 
pionanilide  was  again  a  by-product. 

Another  tube  containing  the  same  amounts  of  n 
heated  to  iso^-ieo"  for  five  hours  and  to  lys'-iSo'ff 
The  contents,  after  treatment  with  soda  solution,  t 
lized  directly  from  water  and  yielded  28  per  cent,  of 

IV.  Anthranilic  Add,  Acetoniirile,  and  Propionic  / 
The  tube  was  heated  successively  to  i8o°-i9o°,  220 
225''-235°  for  five  hours  each.  The  pressure  at  an 
slight.  After  washing  with  soda  solution  the  prodn 
tallized  from  water  and  a  yield  of  about  17  per  ce 
quinazolon  obtained.  No  methyl  quinazolon  cou 
^though  the  experiment  was  repeated  several  times 
products  carefully  examined. 
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Properties. 
[lie  ethyl  qutnazolon  obtained  by  the  above  methods  agrreed  in 
its  properties  with  those  observed  by  Bischler  and  Lang*  and 
Niementowski.'  It  crystallizes  from  water  in  long  fine  needles 
ich  are  moderately  soluble  in  hot  water,  slightly  in  cold, 
ily  in  alcohol  and  benzene.  Its  melting-point  is  given  by 
chler  and  Lang  as  ^^^''-^i^''  and  by  Ntementowski  as  325°. 
e  writer  found  227°-32S''  to  be  the  uncorrected  melting-point 
i  234°  the  corrected. 

Derivatives. 

/N   =C  — C,H. 
\fethyl Etker.Q^/  \  .—This    is    prepared    by 

^CO  — N  — CH. 
iting  the  quinazoton  with  caustic  alkali  and  methyl  iodide  in 
oholic  solution,  for  a  few  hours,  with  a  return  condenser,  evap- 
iting  the  alcohol  and  treating  the  residue  with  water.  Some- 
les  the  addition  of  a  little  more  caustic  alkali  is  necessary  at 
s  point  to  cause  the  complete  separation  of  the  ether,  which  is 
m  filtered  out  and  crystallized  from  water.  It  forms  long 
lorless  needles  melting  at  i3i°. 

Hydrochloride. — This  salt  results  from  the  action  of  hydro- 
toric  acid  on  the  quinazolon.  It  crystallizes  in  needles  which 
blime  without  melting. 

Nitrate. — The  nitrate  crystalHzes  from  a  hot  solution  of  the 
se  in  nitric  acid  (1:4)  in  the  form  of  coarse  yellow  needles 
aich  melt  with  decomposition  at  i73''-i74''. 
Sulphate. — This  salt  is  obtained  by  saturating  cold  dilute  sul- 
luric  acid  with  quinazolon,  filtering  and  concentrating  the 
trate.  It  forms  coarse  needles  which  gradually  darken  on  heat- 
g  and  melt  at  240°— 341°. 

Chromate. — The  chromate  crystallizes  from  a  hot  concentrated 
[ueous  solution  of  quinazolon  and  chromic  acid,  in  the  form  of 
;ht  brown  needles  which  decompose  at  about  155°. 
Picrate. — This  is  prepared  in  the  same  way  as  the  chromate 
lit  is  less  soluble  in  cold  water.  It  crystallizes  in  thin  plates 
f  a  light  yellow  color  and  melts  at  igi^-iga". 


:.h/ 
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Oxalate. — This  is  also  prepared  as  is  the  chromate 
long  needles  melting  at  180-181°. 

ChJorplatinate.  — The  quinazolon  is  dissolved  in  hot 
ric  acid  and  an  excess  of  platinic  chloride  added;  on  1 
double  salt  separates  as  a  red  crystalline  powder.  It  n 
for  platinum  with  the  following  results  : 

Calculated  for  Foaod. 

(C|(JI|«M^.RCl)|ncl..  I.  t 

Platinum 15,63  15.66  15 

2-W- PROPYL  4-EBTODIEYDROQmNAZOLIN. 
,N  =  CC,H, 

I 
^CO— NH 

Preparation. 

I.  Antkranilic  Add  and  n-Butyroniirile. — The  tube 
to  i2o''-i25°  for  four  and  one-half  hours,  200°— 210°^ 
and  2io''-22o°  for  six  hours,  opening  after  each  pt 
pressure  was  considerable  only  after  the  second  peril 
product  was  crystalline.  After  the  usual  sodium 
treatment  the  residue  was  crystallized  from  water.  T 
Ion  thus  obtained  was  dissolved  in  cold  caustic 
separate  it  from  n-butyranilide  but  none  of  the  latter 
The  base  was  then  precipitated  with  carbon  dioxide  a; 
crystallized  from  water.     The  yield  was  about  17  per 

The  sodium  carbonate  solution  used  in  the  first  tree 
evaporated,  the  residue  extracted  with  ether,  and  1 
crystallized  from  benzene.  Leaflets  were  obtained 
II2°— 113°,  very  soluble  in  water,  and  evolving  amn 
boiled  with  caustic  alkali.  Hofmann'  states  that  n- 
melts  at  115'. 

II.  Antkranilic  Acid,  n-SutyronitriU,  andn-Butyric 
— A  tube  containing  these  substances  was  heated  to  i& 
four  hours  and  to  i9o°-209°  for  five  hours.  The  yi 
per  cent.  Another  tube  heated  to  r8o°-i9o''  for  five  ai 
hours  and  to  2io°-22o''  for  six  hours  gave  39  per  cenl 

There  was  practically  no  pressure  in  either  case  and  t 
were  very  light- colored.  Both  products  were  treated 
way  ;  first  washed  with  sodium  carbonate  solution  and 
crystallized  from  water,  decolorizing  with  bone-blaclc. 

'  Bo.d.dum.  Get..  i$,  981. 
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The  soda  solutions  were  found  to  contain  n-bntyramide  as  i 
le  last  case. 

No  butjrranilide  was  found  and  none  wasexpected  f rom  tbefac 
lat  the  slight  pressure  in  the  tubes  showed  that  practical! 
)  anthranilic  add  had  decomposed. 

III.  Anthranilic  Aad,  AcetonitrUe,  and  n- Butyric  Anhydride. — 
he  tube  was  heated  to  iSo'-igo"  for  five  hours  andtoaio^-zao 
T  six  hours.  There  was  no  pressure.  The  contents  wer 
eatedasin  (II),  The  quinazolon  obtained  agreed  in  all  its  prof 
ties  with  M-propylquinazolon.  The  yield  was  about  28  per  cent 
By  evaporating  the  soda  solution,  extracting  the  residue  wit 
her,  and  crystallizing  the  extract  from  benzene,  a  very  sma 
nount  of  material  was  obtained  which  softened  at  93°,  but  wa 
3t  entirely  melted  at  130**.  It  dissolved  completely  in  col 
ilute  caustic  potash  and  was  reobtained  by  passing  carbo 
ioxide  and  concentrating  the  solution.  On  crystallizing  froi 
snzene  it  now  melted  at  232'*-233''  (uncorrected),  and  was  prol: 
bly  methyl  qiunazolon. 

rV.  Anthranilic  Acid,  n-ButyronitrUe,  and  n-Bulyric  Acid.- 
"he  tube  was  heated  for  three  periods  of  six  hours  each  to  165° 
75',  2io'-2i5°,  and  23o''-24o'.  After  each  of  the  first  tw 
eriods  there  was  considerable  pressure,  but  after  the  third,  ther 
'as  none.  The  product  was  treated  successively  with  soda  solv 
on  and  dilute  caustic  alkali,  and  the  quinazolon  precipitate 
rom  the  latter  solution  as  usual  by  passing  carbon  dioxide.  ] 
fas  purified  by  crystallization  from  water. 

The  part  insoluble  in  the  caustic  alkali  was  found,  onrecrystal 
zing  from  dilute  alcohol,  to  be  n-butyranilide.  It  melted  a 
3°-94°  and  yielded  aniline  when  boiled  with  concentrated  alkali 
Jerhardt'  gives  the  melting-point  of  wbutyranilide  as  90°  but  th 
filter  found  that  anilide  prepared  by  boiling  «-butyric  acid  wit 
niline  for  a  few  hours,  pouring  the  product  into  water,  and  cry: 
alliziog  the  precipitate  from  dilute  alcohol,  melted  at  93°-94'^ 
nd  otherwise  agreed  with  that  obtained  from  the  tube. 

The  soda  solution,  as  usual,  contained  «-butyramide. 
Properties. 

Normal  propyl  quinazolon  has  been  prepared  by  Biscbler  an 
^ng,'  who  found  the  melting-point  to  be  205°.     While  in  a 
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ler  properties  the  quinazolon  obtained  by  the  vril 
th  that  of  these  authors,  its  melting-point  is  i99°~20i 

Derivatives. 
The  salts  and  ethers  of  this  and  the  following  quina?; 
nost  all  prepared  in  exactly  the  same  way  as  wen 
lyl  qninazoloti  and  therefore  only  their  properties  ar 

/N   ^C  — C,H, 
Afethyl  ether,  C,H,<;  |  ,  crystallizes  fro 

\C0  — N  — CH, 
ig  colorless  needles  melting  at  ^^°-^i°. 
Hydrochloride. — Thin  plates  which  sublime  without 
Nitrate, — Coarse  flat  needles  melting  with  decom] 
9°-i6o°. 

Sulphate. — Long  coarse  needles  melting  at  227^-22&' 
Ckromate. — Yellow  crystalline  powder.     On  ht:atin| 
y  darkens,  commencing  at  about  150°. 
Picrate. — Light  yellow  needles  with  serrated  edges, : 
3°-i84». 

Oxalate. — White  needles  taelting  at  x^^^-^^A," • 
Chlorplatinate. — Coarse  red  crystals.      The  platinui 
rmined  by  ignition. 

CalcDUted  for  Pcnnd. 

(C„HHN.O.HCl),PtCl,.        I. 

Platinnm 34,71  14.79 

2-ISOFROPYL  4-EETODIHYDKOQUINAZOI.IN. 

<N    =CCH(CH,). 
I 
CO  — NH 

No  isobutyric  nitrile  being  conveniently  at  hand,  its  a 
anthranilic  add  could  not  be  studied.  It  was  found 
at,  for  the  production  of  isopropyl  quinazolon,  the  1 
tyric  nitrile  was  unnecessary,  and  that  the  combine* 
ibutyric  anhydride  and  a  lower  nitrile,  acetic  or  pri 
thranilic  acid  resulted  in  its  formation,  the  yield, 
th  propionitrile,  being  very  good. 
[.  Anthranilic  Acid,  Isobutyric  Anhydride,  and  Prop, 
le  tube  was  heated  to  180°— 190°  for  five  hours,  310 
e  hours,  and  23o°-24o°  for  twelve  hours.  The  presf 
le  was  very  slight.      After  preliminary  treatment  w 
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boDate  solutioD  the  product  was  crystallized  from  alcohol  and 

x>lorized  with  bone-black.     The  yield  of  quinazolon  was  about 

percent. 

Another  tube  was  heated  to  180  °— 190°  for  six  hours  and  to  2 10* 

six  hours  and  yielded  32  per  cent. 

!Jo  trace  of  ethyl  quinazolon  was  found  in  either  of  these 
>es. 

!I.  Anthranilu  Acid,  hobutyric  Anhydride,  and  AtetonitriU. — 
is  tube  was  heated  to  i8o°--i9o°  for  five  hours  and  2i<}°-23o° 

six  hours  and  yielded  \^%  per  cent,  of  isopropyl  quinazolon, 
:  process  of  purification  being  the  same  as  when  using  propio- 
nic. 

Properties, 
Bischler  and  Lang*  and  Niementowski'  have  prepared  isopropyl 
inazoion  but  differ  as  to  its  melting-point,  the  former  giving  it 
[95°-i96''  and  the  latter  as  224".  Niementowski'  has  suggested 
It  this  difference  may  be  due  to  a  difference  in  constitution  in 
'.  sense  of  tautomerism. 

rhe  quinazolon  obtained  by  the  writer  melts  at  225°-226''  un- 
Tected  or  at  231 ''-232'' corrected  ;  it  therefore  agrees  quite  well 
th  Kiementowski's  product.  Its  other  properties  are  the  same 
those  recorded  by  these  authors. 

k.  peculiarity  in  the  solubility  of  this  base  was  observed  by  the 
iter,  which  possibly  indicates  that  it  consists  of  a  mixture  of 
!  two  forms,  keto  and  hydroxy  ?  While  all  the  other  quin- 
alons,  when  in  a  fluffy  crystalline  condition,  dissolved  instantly 

cold  dilute  caustic  alkali,  it  was  found  that  the  isopropyl 
owed  a  difference  in  the  rapidity'of  solution.  Only  a  portion 
solved  instantly ;  the  rest  remained  undissolved  for  a  short 
oe,  though  it  ultimately  also  went  into  solution.  In  one  case 
e  slower  dissolving  portion  was  filtered  out,  washed,  and  dried. 
s  melting-point  was  found  to  be  223°,  while  the  portion  which 
d  dissolv«l,  when  precipitated  with  carbon  dioxide  and  crystal- 
ed  f rom  alcohol,  melted 'at  23i''-232°,  the  ordinary  melting- 
int  of  the  quinazolon.  No  further  work  has,  at  present,  been 
me  on  this  subject. 

>  Btr.  i  tlum.  Gtt.,  aS,  187. 
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MeiAyi  Ether,  C^H, 


DerivaHves. 
N  =  C— C.H, 


I 


. — Long  silky  needles  mdt- 


CO— N-CH, 
ing  at  78°-79^. 

Hydrochloride. — Rectangular  plates. 

Sulphate, — Coarse  needles  melting  at  219^-220°. 

Chromate. — ^Transparent  coarse  brown  needles  which  decom- 
pose on  heating. 

Pierate. — ^Light  yellow  crystalline  powder  melting  at  213^-214®. 

Chlorplatinate.—Qo3XSt  red  crystals.     The  platinum  was  de- 
termined by  ignition. 


Platinum 


Calculated  for 
(CiiHuNsO.HCl)sPtCl4. 

24.71  24.85     24.69 


Poaad. 
I.  II. 


2-ISOBUTYL  4-KETODIHYDROQUINAZOUN. 

.N  =  CC,H, 


C.H, 


x:o— 


NH 


Preparation. 

I .  Anthranilic  Acid  and  Isovaleronitrile,  — The  tube  was  heated  to 
160*^-165®  for  five  hours  and  to  200^-2x0°  for  five  hours.  Moderate 
pressure  was  found  on  opening,  and  the  contents  were  dark-colored 
but  crystalline.  They  were  heated  with  dilute  caustic  potash 
solution  for  a  short  time,  the  solution  cooled,  filtered,  and  carbon 
dioxide  passed  into  the  filtrate.  The  precipitated  quinazolon  was 
then  crystallized  from  water.  The  yield  was  only  5  per  cent,  of 
the  theoretical. 

II.  Anthranilic  Acid,  Isovaleronitrile,  and  Isovaleric  Anhydriii. 
— ^The  mixture  was  heated  successively  to  i8o**-i90®  for  five 
hours,  2io*'-220**  for  five  hours,  and  230^-240°  for  twelve  hoars. 
The  pressure  in  the  tube  was  very  slight  and  the  contents  were 
light-colored  and  entirely  crystalline.  They  were  treated  with 
soda  solution  and  then  crystallized  from  dilute  alcohol.  To 
separate  the  quinazolon  from  isovaleranilide  the  treatment  with 
cold  dilute  caustic  alkali  was  applied  to  this  product.  The  anilide 
was  crystallized  from  dilute  alcohol  and  obtained  in  the  form  of 
colorless  needles  melting  at  112^-113^,  and  yielding  aniline  when 
boiled  with  concentrated  alkali.     The  quinazolon,  after  predpita- 
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D  with  carbon    dioxide,   was    crystallized  from  water  and 

ounted  to  35  per  cent,  of  the  theoretical  yield. 

rhe  soda  solution  with  which  the  tube-contents   were  first 

ated  was  evaporated  and  the  residue   extracted  with  ether. 

le  extract  was  crystallized  from  benzene  and  found  to  be 

valeramide  melting  at    131°,  and  evolving    ammonia    when 

iledwith  alkaU. 

\notber  ttibe  containing  the  samematerials  and  heated  to  190°- 

>°  for  three  hours  and  to  285"  for  six  hours  jdelded  26  per 

It. 

Properties. 
[sobutyl  qninazolon  crystallizes  from   water  in  smalt  needles 
Iting  at  i94°-i95°.  It  is  moderately  soluble  in  hot  water,  very 
^htly  in  cold,  somewhat  in  ether,  and  easily  soluble  in  alcohol 
1  hot  benzene. 

Derivatives. 

<N=C— C.H, 
I  .—  Colorless  needles  melt- 

CO— N— CH, 
[  at  es^-dg*. 

Hydrochloride. — Coarse  needles. 
Nitrate. — Yellow  plates  decomposing  at  I7i'-I72''. 
Sulphate. — Needles  arranged  in  bunches  and  melting  at  228°- 
?'■ 
Chromate. — Yellow  crystalline  powder  which  decomposes  at 

Picrate. — Light  yellow  needles  melting  at  192°. 
Oxalate. — White  felted  needles  melting  at  204°-205''. 
Chlorplatinate. — Transparent   coarse  brown  needles.      It  was 
alyzed  for  platinum. 

CalcnlaCed  for 

(c„j-  — 

Platinum- ■ 

2-ISOAHYI,  4-EBTODIHYDS  OQUINAZOLIN. 

<N  =  CC,H,. 
I 
CO— NH 

Preparation. 
I.  AnihraHiiic  Aeidand  Isocapronttrile. — The  tube  was  heated  to 
10-185'  for  five  hours,  to  220-225°  'or  six  hours,  and  to  240*- 
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350°  for  dx  hours.  Moderate  pressure  was  found  af' 
period  but  none  after  the  second  and  third.  The  quit 
extracted  and  purified  exactly  as  was  isobtityl  qtiin 
The  yield  was  18  per  cent. 

II.  Antkranilu:  Aeid,  Isocapronitrile,  and  hocaproic  / 
tube  was  heated  successively  to  i85°-i90°,  sio^-zis" 
240°  for  six  hours  each.  Considerable  pressure  was 
after  the  first  heating.  The  product  was  treated  in  1 
same  way  as  was  that  of  the  isobutyl  tubes  (11).  T 
quinazolon  was  37  per  cent. 

An  anilide  was  found  as  usual.  It  crystallized  from 
hoi  in  long  needles  melting  at  Jio^-iii°,  and  yield 
when  boiled  with  alkaU. 

0.  1533  grem  gave  9.9  cc.  nitrogen  (»",  761  mm.). 

Calculated  for 
CuH„NO. 

Nitrogen 7.33 

It  is  therefore,  as  was  expected,  iaocaproanilide.  k 
erties  of  this  anilide  have  apparently  not  been  recordec 
prepared  by  boiling  isocaproic  acid  with  aniline  for  a 
pouring  the  product  into  water,  and  crystallizing  the 
from  dilute  alcohol.  Its  properties  were  found  ide 
those  of  the  anilide  obtained  from  the  tube. 

0.1814  gram  gave  ll.gcc.  nitrogeD(31'',  76a  mm.), 

calculaled  for 

C,iH,;NO. 

Nitrogen 7.33 

Another  by-product  found  in  this  tube  was  isocapn 
tracted  from  the  sodium  carbonate  solution  by  the  tisi 
It  melted  at  iig^-izo"  and  evolved  ammonia  when, 
alkali. 

Properties. 

Isoamyl    quinazolon  crystallizes  from    water    in 

felted  needles  melting  at  184°.      It  ts  soluble  in  eth< 

and  benzene,  moderately  in  boiling  water  and  almost 

cold.     The  nitrogen  was  determined  with  the  followi 

1.  0.1563  gram  gave  18.3  cc.  nitrogen  (is",  7520110.), 
11.  0.1494  gram  gave  17.3  cc.  nitrogen  (ai",  753  mm.). 


Nitrogen 11.96 
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Derivatives. 

/N   =C  — C.H., 
'eikyl  Ether,   C,H,<  |  .—This  ether  is  more 

^CO— N  — CH, 
:ult  to  obtain  crystalline  than  is  that  of  any  of  the  other  qninaz- 
s.     It  was  prepared  in  the  usual  way  by  heating  the  quinazolon 
I  methyl  iodide  and  caustic  alkali  in  alcohoHc  solution.      The 
hoi  was  evaporated,  the  residue  taken  up  with  water,  and  ex- 
ted  with  ether.     The  ether  solution  was  evaporated  and  the 
tiyl  ether  obtained  in  the  form  of  an  oil,  which  solidified  only 
r  long  standing  in   a  desiccator.      To  obtain   it  in  crystals 
ous  solvents  were  tried,  but  without  success.      The  method 
lly  used  was  to  form  the  hydrochloric  acid  salt,  dissolve  it  in 
er,  add  a  slight  excess  of  sodium  carbonate,  while  cooling  with 
and  finally  inoculating  the  milky  solution  with  some  of  the 
1  ether  obtained  in  the  desiccator.      On  standing,  crystals 
lly  appeared  in  the  form  of   small  needles  melting  at  40°-4i°, 
practically  insoluble  in  water. 
fydrockloride. — Fine  needles, 
Utrate. — Thin  plates  decomposing  at  ifo'-iei". 
Arojnafe. —Attempts  to  prepare  this  salt  were  unsuccessful. 
;  methods  used  were  the  action  of  chromic  acid  on  the  base 
double  decomposition  between  the  hydrochloride  of  the  base, 
potassium  chromate.     In  neither  case  was  any  crystalline 
duct  obtained,  the  base  apparently  decomposing, 
Hcrale. — Yellow  leaflets  melting  at  i64''-i65'', 
'Morplatinate. — This  salt  could  not  be   obtained,    the  affinity 
ween  the  hydrochloride  of  the  base  and  platinic  chloride  seem- 
to  be  very  weak, 

n  general  it  appears  that  the  salts  of  the  higher  quinazolons 
weaker  and  more  easily  dissociated  than  are  those  of  the 
•er. 

MISCELLANEOUS   REACTIONS,' 
Nitrite  anda  Lower  Acid  Anhydride. 
\.  Anthranilic  Acid,  Propionitrile,and  Acetic  Anhydride. — The 
K  was  heated  to  i4o''-i5o''  for  three  hours,  iSo^-igo"  for  five 
urs,  and  200°-205°  for  six  hours.     There  was  practically  no 

'  Tht  order  tnd  numbering  of  these  tedctlons  are  tlie  i«nie  as  in  the  firrt  port  ot  the 
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pressure  at  any  time  and  the  contents  were  cooipletel 
line.  After  washing  with  sodium  carbonate  solution, 
act  was  extracted  with  boiling  water.  From  tbis  sol 
cooling,  methyl  quinazolon  separated  in  considerable 
The  re^due,  after  the  water  extraction,  was  a  brown  a 
powder  from  which  nothing  crystalline  could  be  obtains 

The  methyl  quinazolon  was  identified  by  its  melt 
physical  properties,  and  by  the  melting-point  of  its  met 

No  ethyl  quinazolon  was  found. 

II.  Anthranili£  Acid,  Isocapronitrile,  and  hobutyric^ 
— The  mixture  was  heated  to  2io°-22o°  for  five  an 
hours.  The  pressure,  on  opening,  was  slight  and  thi 
were  light-colored  and  crystalline.  After  preliminary 
with  sodium  carbonate,  the  caustic  alkali  method  of  < 
was  applied  to  the  residue. 

The  quinazolon  so  obtained  melted  gradually  from  2 
and,  when  sublimed,  these  hmits  were  increased  to  i 
while  the  melting-points  of  the  two  possible  products, 
and  isoamylqiunazolons  are,  respectively, 22s'*-326°  and 
(uncorrected).  Recrystallization  three  times  from  wat 
appreciably  change  this  point.  Three  crystallizations 
hoi  were  necessary  to  obtain  pure  isopropyl  quinazolo 
at  226''-j27°  (uncorrected).  A  sjratem  of  fractional  c 
tion  was  applied  to  the  mother-liquor  but  no  prt 
obtained  melting  wholly  below  205°,  although  several 
melt  around  190°. 

That  this  product  and  those  obtained  from  some  of  thi 
still  to  be  described  are  mixtures  seems  certain  when 
sidered  that  in  all  other  cases  the  quinazolons  wer«  obt 
after  the  caustic  alkali  treatment  and  one  crystallizf 
that,  as  the  reactions  proceeded  just  as  smoothly,  it  ii 
that  any  exceptional  impurities  were  formed.  The  di: 
separating  the  mixtures  is  due  to  the  great  similari 
properties  of  their  constituents ;  the  successful  identif 
isopropyl  quinazolon  in  the  reaction  just  described  is  1 
slightly  smaller  solubility  in  alcohol  as  compared  wit 
quinazolon ;  it  was  also  undoubtedly  present  in  t 
quantity. 

III.  AntkranilU  Acid,  Isocapronitrile,  and  n-Bufyric  / 
— Heated  to  180 "-185°  for  five  hours,  22o''-225°  for  six  1 
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40" -250°  for  six  hours.  The  pressure  was  very  slight  at  anj 
me  and  the  contents  crystalline.  The  soda  and  caustic  alkal 
lethod  of  purification  was  used.  The  quinazolon  obtaiuec 
lelted  at  i87'*-i88*',and,OHrecrystallizBtion,  at  i84°-i87''.  Tb( 
iTO  qtiinazolons  which  it  was  possible  to  have  formed  in  thii 
action,  the  normal  propyl  and  the  isoamyl,  melt  respectively  at 
J4''~*95*' *od  lyg^-iSo®  (uncorrected). 

As  thft  methyl  ether  of  the  normal  propyl  quinazolon  is  qnit< 
>luble  in  hot  water  while  that  of  the  isoamyl  is  almost  insoluble 

was  thought  that  this  might  prove  a  method  of  separation, 
mly  the  ether  of  normal  propyl  quinazolon  could,  however,  b< 
lentified  ;  but,  on  account  of  the  small  amount  of  materia 
vailable  and  the  diflSculty  experienced  in  getting  isoamyl  quia 
Eolon  methyl  ether  crystalline,  as  already  mentioned,  this  cat 
ardly  be  considered  a  proof  that  none  of  that  base  was  present, 

Nitrite  and  a  Higher  Acid. 

I.  AnlhranilicAdd,  Acetonilrile,  and  Propionic  Acid. — Thetub* 
fas  heated  to  lyo'-iSo"  for  five  hours.  On  opening,  amoderatt 
ressure  was  observed.  The  contents  were  treated  exactly  as  it 
lie  last  reaction.  The  quinazolon  obtained  melted  at  2i3°-2i4' 
tincorrected),  and  this  point  remained  constant  on  sublimation, 
tecrystallization  from  water  raised  it  to  2i8''-220°,  and  this  als< 
id  not  change  on  sublimation.  Methyl  and  ethyl  quinazoloni 
aclt,  respectively,  at  232"  and  327''-828°  (uncorrected),  whil« 
heir  methyl  ethers  melt  at  no"-!  II  "and  121 ''-i22''(uncorrected) 
i^e  methyl  ether  obtained  from  the  supposed  mixture  meltec 
ndefinitely  at  from  9o°-i05°. 

II.  Anlhranilic  Acid,  n-BuiyronitrUe,  and  Capric  Acid. — Thi 
oixture  was  heated  to  185°  for  six  hours  and  to  2oo°-2io''  for  fivi 
nd  one-half  hours.  The  pressure  was  moderate  and  the  tube 
ontents  light  in  color  and  crystalline.  The  quinazolon  wa 
eparated  and  purified  as  in  the  last  case  and  was  found  to  be  th< 
mre  normal  propyl  derivative  melting  at  199'. 

III.  AntkranUic  Add,  Isocapronitrile,  and  Capric  Acid.~Th 
nbe  was  heated  exactly  as  was  No.  2.  After  the  first  period  th 
iressure  was  moderate  and  the  contents  consisted  almost  entirel; 
)f  a  dark  red  liquid  with  a  very  small  amount  of  solid  matter 
ifter  the  second  period,  however,  they  wer»  wholly  crystalline 
By  following  the  same  method  of  separation  as  in  No.  2  and  crys 
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tlliziug  the  product  from  dilute  alcohol,  pure  isoamyl 
in,  melting  at  184°,  was  obtained. 

Nitrite  and  a  Lower  Add. 
The  following  experiments  of  beating  anthranilic  : 
>nnic  acid  and  various  nitrites  were  performed  in  tb 
staining  4-ketodihydroquinazolin  itself,  as  follows  : 
/NH,  /NHCOH 


+  hcooh  =  c,h/  +h 

COOH  x:ooH 

.NHCOH  ,NHCOH 

II.  C,H.<  +RCN  =  C,H.< 

X:OOH  VONHCOR 

/CH 
/N<     %  /N 

III.  C.h/     Nil  Oi         — rcooh-c,h/ 

CONH  —  JCORJ  ^'- 

In  the  other  experiments  on  the  action  of  acids  and 
nthranilic  add  it  was  found  that,  apparently,  the  que 
'hether  a  single  or  a  mixture  of  quinazolons  will  forr 
a  the  ease  with  which  the  fatty  acid  combines  with  th 
ilic  acid  to  form  an  acyl anthranilic  acid;  it  was  thoug 
ire,  that,  as  formic  and  anthranilic  acids  react  with  th 
ise,  the  above  reaction  was  a  very  likely  one.  On  t 
(rer,  it  was  found  that  while  formylanthranilic  acid  ; 
>rmed  it  apparently  does  not  react  with  nitriles  at  ten 
t  which  it  is  stable  ;  according  to  Meyer  and  Bellmani 
atbranilic  acid,when  heated  with  water,  decomposes  at 
ito   formic  acid,  carbon  dioxide,  and  aniline. 

I.  Anthranilic  Acid,  Formic  Acid,  and  Acetoniirile.— 
jntaining  these  was  heated  to  loo^-iio"  fortwelvehou 
'as  no  pressure  and  the  contents  were  completely  C 
'n  adding  sodium  carbonate  solution  the  entire  product 
lowing  that  no  quinazolon  was  present.  The  addition 
dloric  acid  to  the  solution  caused  a  precipitate,  whicl 
ad  crystallized  from  water,  was  found  to  be  formyla 
:id,  melting  at  i65°-i66°. 

Another  tube  was  heated  to  100°,  i4o''-i50°,  and  190 
X  hours  each.     After  the  first  period  there  was  no  prt 

iy.j(«*/.a*-i.,(!i),33.i5. 
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he  contents  were  cirstalline  and  much  as  in  the  first  tube ;  after 
be  second,  the  pressure  was  moderate  and  the  contents 
?ere  entirely  liquid ;  after  the  third,  there  was  again 
loderate  pressure  and  the  contents  consisted  of  about  half  ciys- 
ds  and  half  liquid.  The  treatment  with  sodium  carbonate  fol- 
)wed  by  dilute  caustic  alkali  was  applied,  but,  on  passing  carbon 
ioxide  into  the  alkali  solution,  the  precipitate  obtained  was  so 
light  that  nothing  further  was  done  with  it. 

II.  Anlhranilic  Acid,  Fomtic  Acid,  and  Propioniirile. — The  re- 
oltsfrom  this  reaction  were  as  unsatisfactory  as  those  just  de- 
nied. 

III.  Anlhranilic  Acid,  Formic  Acid,  and  Isocaproniirile. — This 
jbe  was  heated  to  iao''-i25°  for  five  hours,  i6o''-i70*'  for  six 
ours,  and  2  io''-22o°  for  six  hours.  There  was  considerable  pres- 
jre  and  the  product  consisted  of  a  sirupy  liquid  and  a  small 
mount  of  crystalline  material.  The  same  treatment  as  in  the 
revious  tubes  was  used  and  a  small  amount  of  isoamyl  quinazo- 
>n  obtained. 

The  sodium  carbonate  solution  was  evaporated,  the  residue 
xtracted  with  ether,  and  the  extract  crystallized  from  benzene, 
"wo  kinds  of  crystals  were  obtained  and  these  were  separated  by 
reatment  with  warm  benzene,  which  dissolved  one  faster  than 
lie  other.  The  more  soluble  substance  was  found  to  be  isocapro- 
mide,  melting  at :  19"-! 20°,  while  the  less  soluble  one,  melting 
t  igo'-igs",  and,  on  sublimation,  ataii"  (uncorrected),  was 
robably  4-ketodihydroquinazolin .  The  melting-point  of  this 
uinazolonis  stated  by  Knape'  tobeaii^-aia^andbyBischlerand 
lurk  art'  to  be  209°, 

As  it  has  been  shown  that  the  best  yields  of  quinazolon  were 
btaioed  when  using  the  nitrile  and  the  corresponding  acid  or 
nhydride,  the  correct  nitrile  to  use  with  formic  acid,  for  the 
reduction  of  4-ketodihydroquinazolin,  is  formic  nitrile  or  hy- 
rocyanic  acid.     No  anhydrous  hydrocyanic  acid  being  available, 

few  experiments  were  tried  aiming  to  produce  the  acid  in  the 
ube  as  the  reaction  proceeded,  but  no  encouraging  results  were 
ibtained, 

IV.  AntkranilicAcid,  Isocaproniirile,  and  Propionic  Acid.— The 
oixtute  was  heated  to  lyo^-iSo"  for  five  hours  and  then  to  200°- 

ly./™*/.  C**«..  Cat,  «.  "*■ 
1  BtT,  a.  cJUm.  Ga.,  a6, 1349, 
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310°  for  sK  hours.  There  was  considerable  pressure 
first  period  but  none  after  the  second.  The  contents  we 
wholly  crystalline.  The  quinazolon  was  extracted  and 
by  the  sams  method  as  followed  above,  and  proved  t 
isoomyl  derivative.     Its  melting-point  was  i83°-i84°. 

Action  of  Fatly  Acids  and  Anhydrides  on  Anthranilic 
These  experiments  were  performed  for  the  purpos 
stated  on  page  614.  Antbranilic  acid  was  heated  wit 
butyric  and  isocaproic  acids  respectively,  both  in  sea 
and  opes,  at  temperatures  varying  from  but  slightly  ab 
to  the  boiling-point  of  the  fatty  add,  without  any  ad 
discernible.  In  contradistinction  to  this  it  was  found  t 
normal  butyric  and  isovaleric  anhydrides  reacted  quite 
to  fonn  the  corresponding  acylanthraailic  acids.  Mere! 
the  acid  and  anhydride  together  on  the  water-bath  for 
four  hours  was  sufficient  to  give  a  yield  of  about  30  pet 
Only  the  isovalerylanthraniUc  acid  was  closely  exami 
crystallizes  from  water  in  needles  melting  at  iio'-iii*" 

I.  o.iStS  gram  gave  to.6  cc.  nitrogen  (36',  753  mm.). 

II.  o.3ot6gram  gave  11. 7  cc.  nitrogen  (23*,  7540101.). 

GmlcuUted  for  Fomu 

CitH»NO|.  I. 

Nitrogen 6.33  6.43 

This  work  is  being  continued  and  extended,  and  oth 
will  appear  shortly, 

OiKiAKic  Laboratobv,  Havemevbb  Hall. 
COLumiA  UmviKSiTi,  June  i,  1901. 


ON  THE  ESTIMATION  OF  UREA  IN  URINE 

By  J.  H.  LOKO. 

RtmvHlJalyo.  wi. 

INASMUCH  as  about  go  percent,  of  the  total  assimlk 
gen  leaving  the  human  body  is  excreted  in  the  for 
the  accurate  determination  of  this  substance  in  the  urim 
main  among  the  most  important  of  physiological-chem 
lems.  The  interest  attaching  to  the  question  is  fully 
the  gp^at  number  of  contributions  to  the  subject  appear 
chemical  literature,  yet,  natwithstandingall  that  has  bee 
the  problem  is  still  far  from  satisfactory  solution.  In 
text-books  of  urine  analysts  the  Liebig  method  by  use  ol 
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rate  held  long  the  first  place,  which  was  later  taken  by  that  of 
lop  and  Hiifner,  depending  on  the  reaction  between  a  hypo- 
lorite  or  hypobromite  and  urea. 

rhe  original  Liebig  method  was  found  to  give  results  which 
re  too  high  because  of  the  precipitation  of  other  substances 
m  urea  by  the  mercuric  nitrate,  and  as  the  extent  of  the  pos- 
le  error  here  became  more  and  more  apparent,  the  method  fell 

0  disfavor  and  was  finally  practically  discarded.  In  the  later 
tions  of  the  well-known  manual  of  urine  analysis  by  Neubauer 

1  Vogel,  revised  by  Huppert,  the  Liebig  process  is  no  longer 
scribed  among  the  quantitative  methods. 

rhe  fate  of  the  hypobromite  processes,  as  scientific  methods,  is 
aost  as  interesting.  In  these,  plus  and  minus  errors  were  long 
iposed  to  nearly  balance  each  other.  A  part  of  the  urea  fails 
decompose  according  to  the  simple  reaction, 

CON,H,  +  sNaOBr  ^  sNaBr  +  CO,  +  N,  +  2H,0, 
die,  on  the  other  hand,  many  other  nitrogenous  bodies  in  the 
ine  give  up  a  large  but  variable  part  of  their  nitrogen  in  the  free 
■m  under  the  influence  of  the  same  reagent.  The  modifications 
this  general  method  are  almost  beyond  numb«r,  but  in  the  final 
iults  there  is  probably  even  less  constancy  than  in  the  older 
atury  method.  In  the  editions  of  the  Neubauer  and  Vogel 
irk  referred  to  above  the  Knop-Hijfner  method  is  described 
ly  among  the  qualitative  reactions. 

From  the  standpoint  of  those  interested  in  the  practical  deter- 
nation  of  urea  this  omission  must  be  looked  upon  as  a  mistake 
ice  the  supposedly  more  accurate  processes  which  are  now  de- 
ribed  are  not  at  all  suited  for  quick  comparative  determinations 
cases  where  many  tests  have  to  be  made.  It  is  possible  that 
e  mercury  method,  under  special  circumstances,  may  still 
nder  service  here,  and  it  is  the  object  of  this  communication  to 
lint  out  how  certain  corrections  may  be  applied,  where  compara- 
rely  full  analyses  are  being  made,  with  fresh  urine. 
The  main  sources  of  error  in  titrations  of  urea  in  urine  by  the 
aadard  solution  of  mercuric  nitrate  are  these  : 

a.  The  cbloride  present  retards  the  reaction,  but  as  this  effect 
is  long  been  accurately  known  and  easily  d>rrected  it  will  not 
i  discussed  in  this  place. 

b.  Ammonia  which  is  always  normally  present,  even  in  fresh 
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urine,  combines  likewise  with  the  mercury  solution,  and  prevents 
precipitation  until  a  certain  excess  of  the  latter  is  added. 

c.  Uric  acid,  which  amounts  to  800  mg.,  or  more  sometimes,  in 
the  day's  urine  combines  with  the  reagent  to  form  a  definite  com- 
pound.    The  effect  of  this  is,  however,  relatively  small. 

d.  Creatinin,  after  urea  the  most  abundant  of  the  nitrogenous 
urinary  products,  forms  several  crystalline  combinations  with 
mercuric  nitrate.  The  composition  of  these  is  variable  with  the 
concentration  of  the  reacting  solutions,  but  in  any  event  the  error 
in  the  titration  of  the  urea  in  presence  of  this  body  is  quite  ap- 
preciable. 

e.  In  addition  to  the  above,  several  other  nitrogenous  com- 
pounds, present  in  small  amount  in  the  urine,  are  known  to  com- 
bine with  mercuric  nitrate,  but  their  effect  is  extremely  small  and 
may  usually  be  neglected. 

I  have  undertaken  to  estimate  the  effect  of  the  main  disturbing 
factors  referred  to  and  present  below  some  experimental  data. 

AMMONIA. 

In  fresh  normal  urine  the  amount  of  ammonia  present  is  about 
600  mg.  for  each  1000  cc.  of  excretion.  In  urine  which  is 
allowed  to  stand,  the  amount  rapidly  increases  from  decomposi- 
tion of  the  urea.  To  determine  the  influence  of  this  small  weight 
of  ammonia  in  urea  titrations,  tests  were  carried  out  on  solutions 
containing  ammonia  alone,  in  the  form  of  nitrate,  and  on  solutions 
containing  ammonia  and  urea.  The  ammonia  was  used  in  the 
form  of  nitrate  because  in  the  usual  method  of  preparing  urine 
for  titration  it  would  be  left  in  that  combination. 

Experiment  /. — A  solution  was  made  which  contained  in  500 
CC-  2.5  grams  of  pure  ammonium  nitrate.  This  corresponds  to  1.06 
gram  of  NH,  to  the  liter  ;  20  cc.  of  this  solution  were  measured 
into  a  beaker  and  standard  mercuric  nitrate  solution  added.  No 
precipitate  appeared  but  at  the  same  time  no  reaction  immediately 
followed  on  bringing  a  drop  of  the  liquid  in  the  beaker  in  contact 
with  a  paste  of  sodium  bicarbonate  and  water.  It  was  found  that 
about  2.5  cc.  of  the  usual  standard  mercuric  nitrate  solution 
must  be  used  before  a  reaction  appeared,  indicating  the  presence 
of  an  excess  of  the  mercury.  Neutralization  of  the  liquid  in  the 
beaker  with  sodiuin  carbonate  made  no  appreciable  difference  in 
the  result. 


•        i 
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Experiment  2. — Tests  were  made  with  a  weaker  ammonia  solu- 
a  containing  0.6  gram  to  the  liter.  The  results  were  nearly 
;  same  as  before,  the  volume  of  the  mercury  solution  required 
ng,  however,  relatively  a  little  greater.  As  the  end  reaction  is 
no  means  as  sharp  as  with  pure  urea  solutions  it  is  easy  to  pass 
:  right  end-point  in  titration.  Many  single  titrations  were 
de  and  as  a  mean  of  the  closely  agreeing  results  it  may  be  said 
it  with  the  solutions  used,  20  mg.  NH,  —  2.5  cc.  of  the 
rcury  solution. 

rhis  corresponds  to  17  NH,  to  2.12  cc.  mercury  solution,  17 
i,  to  164  mg.  HgO,  r  mol.  NH,  to  0.75  mol.  HgO,  or  4  NH,  to 
i^gO,  approximately. 

Experiment  J. — Here  solutions  containing  both  urea  and  am- 
inia  were  titrated.  The  urea  solution  used  contained  exactly 
piams  in  100  cc.  In  a  series  of  experiments  it  was  found  that 
xtures  containing  10  cc.  of  this  urea  solution,  and  10  cc.  of  the 
it  described  ammonia  solution  required  21.6  cc.  of  the  mercury 
ution  instead  of  20  cc.  This  makes  the  effect  of  the  ammonia 
Little  greater  than  in  the  above  experiments,  i  and  2.  But  as 
limated,  the  reaction  is  not  as  clear  as  in  absence  of  ammonia, 
d  a  trifling  excess  must  always  be  added  from  the  mercuric 
irate  burette.  The  end-point  seems  to  vary  also  slightly  with 
e  temperature. 

As  a  mean  result  the  presence  of  10  mg.  of  ammonia  in  the  20 
.  of  mixed  liquid  titrated  increases  the  amount  of  mercury  solu- 
)n  used  by  about  i  .6  cc.  This  corresponds  closely  to  i  cc.  of 
e  mercury  solution  for  6  mg.  of  ammonia,  and  this  is  the 
erage  amount  present  in  10  cc.  of  urine,  the  volume  usually 
ken  for  titration  ;  this  is  much  lower  than  is  a  result  given  by 
«ier'  according  to  whom  10  mg.  of  ammonia  require  2.6  cc.  of 
e  mercury  solution.  This  result  is  probably  too  high,  and  was 
It  approached  in  any  one  of  the  numerous  lungle  titrations  I 
ade. 

URIC  ACID. 

The  amount  of  uric  add  in  the  urine  was  formerly  much  under- 
timated,  but  since  the  introduction  of  better  methods  of  deter- 
ination  higher,  and  probably  pretty  accurate,  results  may  be 
isily  obtained.  In  a  large  number  of  urines  studied  in  this  lab- 
"atory,  the  uric  add  has  been  found  to  amount  to  about  650  mg. 

>  S«  Nmtwnei  and  Vogel :  "  Urine  Anat^ii,"  8lh  German  Bdltion.  p.  171, 
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for  1000  cc.  of  uriDe.  In  10  cc.  of  urine  we  have  there 
6.5  mg.  of  uric  acid  normally,  and  it  is  the  interfere 
that  we  have  to  consider  in  the  urea  titration.  For 
iments  I  made  up  a  test  solution  (x>ntainiQg  250  mg.  o 
add  dissolved  by  the  aid  of  a  little  alkali  to  make  25< 
behavior  of  this  with  the  mercury  solution  is  reguh 
same  slight  increase  is  found  whether  we  use  the  simpl 
solution  or  one  containing  uric  add  and  urea. 

For  a  solution  containing  in  20  cc.  200  mg.  of  area, 
of  uric  add  the  amount  of  mercury  solution  required  w 
cc.  more  than  for  the  urea  solution  alone,  and  by  inci 
uric  add  the  increase  in  the  required  mercuric  nitrate 
to  be  in  the  same  proportion.  The  correction  for  the  i 
uric  add  is  therefore  very  small,  and  in  any  case  woi 
ceed  o.  15  cc.  of  the  mercury  solution  for  the  volume  c 
urine  ordinarily  taken  for  the  titration. 

CREATININ. 

This  is  present  in  urine  to  the  extent  of  i  gram  to 
or  more  in  the  volume  of  1000  cc.  In  a  large  numbe 
found  an  average  of  1.4  grams  by  the  method  of  pi 
with  zinc  chloride.  On  this  basis  10  cc.  of  urine  wou 
14  mg.  of  creatinin. 

To  study  the  behavior  of  this  body  I  first  prepared 
condition  from  urine  by  decomposing  the  zinc  chloride 
with  lead  hydroxide.  Later  much  larger  quantities 
by  separating  first  pure  creatin  from  extract  of  beef 
decomposing  the  product  obtained  by  long  heating  ol 
strong  hydrochloric  or  25  per  cent,  sulphuric  add,  b; 
lead  hydroxide  or  barium  carbonate. 

As  was  long  ago  pointed  out  by  Neubauer"  mercu 
added  to  a  creatinin  solution  produces  no  immediate  p 
a  combination  is  fonned  in  which  add  is  liberated  and 
feres  with  precipitation.  On  neutralizing  the  liquid  vr 
carbonate  a  point  is  reached,  however,  when  a  pred| 
forms  and  settles  out.  Under  certain  conditions  a 
with  the  composition  (CjH,N,0),Hg(NO,),HgO  mayb 
in  this  way.  But  with  variations  in  the  concentrat 
reacting  bodies  the  composition  of  the  precipitate  varies 
found  by  experiment.     In  the  titration  of  weak  creatinii 

>  Set  Kentwoer  and  Vogel :  "  Di1q«  Anal^ii." 
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lar  results  are  found  ;  the  solution  must  be  neutralized  with 
um  catbonate  to  secure  precipitation.  In  tests  made  I  em- 
ed  a  creatinin  solution  containing  i  gram  in  100  cc. 
xperiment  i. — Of  this  solution  I  took  10  cc.  and  added  nearly 
.  of  the  mercuric  nitrate  solution  before  any  appreciable  reac- 
appeared,  on  testing  as  usual  with  sodium  bicarbonate.  The 
tion  in  the  beaker  was  still  quite  clear  ;  a  Uttle  methyl  orange 
added  and  then  3  cc.  of  normal  sodium  carbonate  solution  to 
tge  of  color.  This  is  a  rough  measure  of  the  hberated  acid. 
xperiment  j.— In  a  second  experiment  with  20  cc.  of  the 
tinin  solution,  9  cc.  of  the  mercuric  nitrate  were  added  before 
ring  a  trace  of  a  reaction  in  the  sodium  bicarbonate.  With 
c.  of  the  mercury  solution  the  reaction  was  sharp  and  i  cc.  of 
nal  sodium  carbonate  was  added  to  produce  haziness  in  the 
id  in  the  beaker.  It  appears,  therefore,  that  about  9.5  cc. 
le  standard  mercuric  nitrate  solution  may  be  taken  as  equiva* 
to  20  cc.  of  the  creatinin  solution.  Por  this  amcentratioa 
corresponds  very  closely  to  a  relation  of  i  molecule  of  crea- 
1  to  2  molecules  of  mercuric  oxide.  The  experiments  were 
y  times  repeated. 

'xperiment  3. — Numerous  tests  were  made  with  weaker  crea- 
]  solutions  containing  amounts  corresponding  with  those  in 
le.  Here  the  volume  of  mercury  solution  used  was  always 
lively  a  little  greater,  suggesting  a  combination  of  1  molecule 
xeatinin  with  2^  molecules  of  mercuric  oxide,  but  the  differ- 
;  is  doubtless  due  mainly  to  the  slight  excess  required  to  give 
action  in  dilute  solution, 

'xperiment  4. — In  titrating  mixtures  of  urea  and  creatinin  the 
e  general  difference  was  found  as  last  shown,  the  reaction 
1  urea  being  apparently  slightly  retarded  by  the  presence  of 
creatinin.  Tests  of  mixtures  were  made  in  large  number  so 
t  the  result  may  be  looked  upon  as  well  established. 
Tie  final  value  of  all  these  reactions  may  then  be  expressed  as 
jws,  the  corrections  being  those  necessary  for  average  normal 

mg.  NH,        in  30CC.  (locc.  urine, iocc.wateT)reqDiiei.o  cc.HgBoL 
"   C,H,N,0,  "  TO "     10  "       "     10  "      "  "      aig  "    "     " 

"   C,H,N,0"ao"     10"       "     10"      "  "      0.85"    "     " 


638  A.  G.  CRAIG. 

The  average  correction  to  be  made  then  on  the  Li< 
is  2  cc.  of  the  mercuric  solution,  but  as  readily  see 
applied  to  fresh  urine  only  since  in  old  urine  the 
ammonia  of  decomposition  becomes  too  great  to  be  eas 
In  the  clinical  examination  of  fresh  urine  the  cone 
applied  with  only  a  small  margin  of  error,  while  in  f  u; 
where  the  disturbing  factors  are  also  estimated,  it 
with  considerable  accuracy.  My  thanks  are  due  to 
who  made  many  of  the  experiments  above. 

NOKTHWB8TBBH  Ubivessitv,  Cbicaoo, 
July  ao,  1901. 


ON  THE  DETERMINATION  OF  FORMALDI 


THE  methods  for  the  determination  of  formalde 
classed,  by  their  reactions,  in  three  groups,  a; 
Group  I. — Depending  on  a  specific  reaction. 
Group  2. — Formation  of  addition  products  with  el 
the  elements  of  water. 

Group  ^. — Oxidation  and  reduction. 
Group  I  contains  : 

(a)  The  ammonia  method.' 

6CH,0  +  4NH,  =  (CH,),N.  +  6H,0. 
(i)  The  potassium  cyanide  method." 
H, 
// 
KCN  +  CH,0  =  N=C— C— 0-0— K. 

(c)     The  fixed  alkali  method.' 

NaOH  +  2CH,0  =  NaOOCH  +  CH,OH 
Group  2  contains  : 

(a)  The  hydroxylamine method.* 

NH,0H.HC1  +  CH,0  ^CH,NOH  +  HCl  + 
{b)  The  aniline  method.' 

C,H,NH,  +  CH,0  =  C,H,NCH,  +  H,0 
The  precipitate  is  weighed. 

'  L.  Legler;  Btr.  d.  ekim.  Ges.,  ■«,  IJ33. 
»  G.  Romijn  :  Zl,i:l,r.  anal.  C/um.,  36,  18. 
'  laaXtt:  Eer.dchim.  Ga..  16,  IJJJ. 

*  BrochetBnd  Cumbier  :  Ci>itift.rtnd.,tao,wi. 

*  Trlltal :  Sua.  Sec.  Ckim.,  [i],  9,  30s. 
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(c)  Same  as  above  except  that  the  excess  is  titrated,' 

roup  3  contains  most  of  the  methods  which  have  been  pro- 

d. 

(a)  The  ammoniacal  silver  nitrate  method*  depends  on  the 

iCtion  of  metallic  silver  when  silver  nitrate  is  boiled  with  am- 

Ja  and  formaldehyde. 

id)  The  acid  silver  nitrate  method.' 

■CIO,  +  AgNO.  +  3CH,0  =  3CHOOH  +  AgCl  +  KNO,. 

{c)  The  iodine  method/ 

CH,0  H-  2I  +  aNaOH  =  2NaI  +  CHOOH  +  H,0. 
(</)  The  alkaline  permanganate  method.' 
(e)  Another  potassium  permanganate  method.* 
(/)  The  bichromate  method.' 
{^)  The  hydrogen  peroxide  method.' 

CH,0  +  H,0,  +  NaOH  ^  NaOOCH  +  aH.O. 
careful  study  of  the  various  methods  and  the  comments  on 
1  brought  out  the  fact  that  no  fixed  standard  had  been  used 
St  the  accuracy  of  the  methods,  but  that  the  highest  or  the 
age  results  were  taken  to  be  the  best. 

sample  of  trioxy  methylene  was  prepared  by  evaporation. 
Is  were  made  of  titration  with  potassium  permanganate  and 
ic  acid.  The  end-point  was  sharp,  and  tests  showed  that 
formaldehyde  was  completely  destroyed, 
be  most  successful  scheme  was  as  follows  :  2S0  cc.  bottles, 
ing  glass  stoppers  closed  with  graphite  and  tied  down  ;  tri- 
methylene,  about  0.5  gram.;  25  cc.  1:1  sulphuric  acid;  40 
I  per  cent,  potassium  permanganate.  The  bottle  is  closed 
heated  to  80°  C.  for  fifteen  minutes.  The  solution  is  then 
red  up  with  standard  oxalic  acid  and  titrated  to  pink.  The 
Its  obtained  were  96.4  per  cent,  and  96.0  per  cent. 

trial  was  made  of  sealing  some  of  the  sample  in  a  test-tube 
I  water  and  heating.  Solution  was  complete  in  one-half  hour 
00°  C.     The  results  by  titration  were  unsatisfactory.     Fear- 
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ing  that  the  sample  mi^ht  be  impure,  some  of  it  was  si 
«  combustion  tube  tightly  closed,  with  a  cannon  tube  : 
and  a  condenser  at  the  other.  The  pressure  did  no1 
high.  The  sublimate  collected  in  and  beyond  the  1 
partly  as  a  fine  white  powder,  and  partly  as  a  solid 
brown  tarry  substance  remained  unvolatilized.  A  por 
sublimate  was  sealed  up  with  water  and  boiled.  The  t: 
continued  every  day  for  a  week,  but  the  sublimate  d 
solve. 

An  attempt  was  made  to  titrate  the  sublimate  as  ab 
required  one  hour  at  95°  to  dissolve  it,  and  results  ol 
cent,  and  106.2  per  cent,  were  obtained,  showing  tha 
manganate  was  reduced  by  the  heat. 

The  Griitzner  method  was  next  tried  :  ' '  Into  a  glass 
flask  put  .5  cc.  of  solution  containing  about  0.15  gram 
dehyde,  about  i  gram  potassium  chlorate,  50  cc.  decinoi 
nitrate,  and  i  cc.  nitric  acid.  The  closed  flask  is  gradual 
in  the  water-bath  with  frequent  shaking.  The  reacti 
plete  in  one-half  hour.  The  end  of  the  reaction  is  < 
when  the  solution  becomes  clear  above  the  silver  chloi 
excess  of  silver  nitrate  may  be  titrated  or  the  silver  chl 
be  weighed." 

A  sample  of  trioxymethylene  was  obtained  from  E.  J 
portions  were  dried  in  the  steam  oven.  Various  experin 
made  as  to  the  best  form  of  bottle,  time,  temperature. 
By  heating  in  blackened  water  to  80°  C,  and  then  one 
between  80°  and  90°,  filtering  rapidly,  and  drying  at  2c 
stant  weight,  a  pure  white  silver  chloride  was  obtaine 
results  in  twenty  determinations  varied  From  91  per  cc 
per  cent.  No  reason  could  be  found  for  this  variation 
the  inconstancy  of  the  reaction.  The  Griitzner  met' 
seems  to  be  altogether  unreliable. 

The  Blank  and  Finkenbeiner  method  is  as  follows  : 
trioxy methylene  or  2  cc.  formaldehyde  is  placed  in  a  Ae 
cc.  of  double  normal  soda  solution  added.  Then  50  cc, 
gen  dioxide,  of  strength  2.5  per  cent,  or  3  per  cent 
cautiously,  the  addition  lasting  three  minutes.  Allow 
to  three  minutes  and  titrate  with  sulphuric  acid,  u^ng 

The  commercial  hydrogen  dioxide  contained  add,  1 
either  neutralized  or  titrated,  usually  the  former.     T1 
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lethylene  was  found  to  dissolve  easily  in  the  solution  on  the 
Idition  of  the  hydrogen  dioxide.  It  was  found  that  it  is  neces- 
iry  to  allow  the  flask  to  stand  ten  minutes  before  titrating, 
esults  were  as  follows : 

Uowed  to  staadten  miantes  cold 91.1 

eated  alowlj  ten  minutes 91.9 

imple  dried  hy  beating  in  flaak  to  85°  for  fifteen  minutes  witli  slow 

atream  of  natural  gas 95.8 

unple  heated  to  85'  for  one  bonr,  tban  a  alow  stream  of  natural  gas 

passed  for  ten  miantes 96.9 

u  passed  fM-  seven  honn  cold 96.4 

eated  one  liourat85°,gBapaased  fifteen  minutes,  and  then  allowed 

to  stand  over  calrium  chloride  five  dajs 97.5 

These  results  showed  that  the  trioxymethylene  contained  water, 
id  that,  in  the  limited  time  allowed,  it  was  practically  impossible 
I  dry  it.  The  substance  is  almost  as  volatile  as  water,  especially 
hen  warmed,  and  long  standing  in  desiccators  seemed  the  only 
ay  of  drying  it  thoroughly.  It  was  impossible  to  tell  when  the 
ibstance  was  dry,  as  when  it  apparently  contained  as  much  as 

per  cent,  of  water  it  was  powdery,  not  sticking  to  glass,  nor 
lowing  the  slightest  dampness.  This  explains  the  variable  re- 
ilts  of  the  earlier  experiments  and  will  prove  of  value  in  inter- 
reting  the  results. 

The  I>gler  method  is  as  follows:  "To  a  sample  of  formal- 
ehyde  in  a  flask  a  sufficient*  excess  of  normal  ammonia  is  added, 
Uowed  to  stand  tightly  corked,  and  titrated  back,  using  litmus, 
)  which  hexamethylene  tetramine  is  neutral." 

According  to  G.  Losekann,'  the  amine  is  monobasic  to  methyl 
range,  and  must  be  titrated  to  a  full  red.  It  was  decided  to  use 
lethy  1  orange  in  order  to  avoid  error  from  the  presence  of  carbon 
ioxide. 

W.  Eschweiler*  states  that  accurate  results  can  be  obtained 
nly  by  allowing  to  stand  five  days  or  by  boiling  for  one  hour, 
^rl  E.  Smith'  states  that  it  is  necessary  to  allow  to  stand  only 
ifteen  minutes. 

G.  I*.  Taylor'  directs  to  allow  to  stand  twelve  hours,  and  L.  F. 
lehler*  says:    "It  is  undesirable  to  report  results  on  a  reaction 

1  Set.  d.  dam.  Gti.,  a»,  1565. 

>/*h/.,  aa,  19J9. 
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t  less  than  six  hours'   duration,     *    *     *     Neither 
isults  constant  for  duplicate  of  the  same  sample.     * 
ly  opinion,  the  only  reason  that  Professor  Smith  arriv 
isults  he  did  was  because  the  number  of  samples  work 
K>  limited, ' ' 

It  was  decided  to  boil  one  hour.  Trials  on  the  sac 
liowed  that  practically  the  same  result  was  obtained  b; 
y  stand  eighteen  hours  at  16',  and  one  hour  at  joo",- 
snt,  for  the  former  and  93,5  per  cent,  for  the  latter, 
'as  done  with  prescription  bottles  holding  from  2  to 
'ith  soft  rubber  stoppers.  Several  attempts  were  ma 
lie  trioxymetbylene,  but  as  no  100  per  cent,  results 
btained  it  was  concluded  that  it  was  impossible  to  dr 
mited  time  allowed  for  the  first  series  of  experimeni 

A  sample  of  commercial  formaldehyde  was  tested, 
-ounce  bottles  for  one  hour,  and  titrating  to  full  red 
lethyl  orange.      The  results  were  37.34  per  cent,, 
;nt.  and  37.35  percent.      The  Blank  and  Finkenbeint 
ives  for  this  sample  37.30  per  cent.     These  two  me 
lierefore  in  practical  accord. 

The  chief  difficulty  in  using  the  Legler  method  is  th« 
f  the  normal  ammonia,  Carl  £,  Smith'  proposes  . 
etting  rid  of  the  standard  ammonia  by  liberating  amm 
mmonium  chloride  by  means  of  normal  soda.  In  the 
leuts,  the  principal  difficulty  from  the  ammonia  has 
ie  loss  of  strength  in  the  standard  solution  but  the  It 
le  determination.  This  is  not  remedied  by  Professo 
lodification. 

By  the  following  scheme  both  these  sources  of  error  are 
repare  a  normal  solution  of  sulphuric  acid.  Make 
roximately  normal  solution  of  ammonia,  the  exact  strei 
nmaterial.  Procure  several  3-ounce  prescription  bo 
nooth  sides  and  close-fitting  soft  rubber  stoppers, 
lethyl  orange  solution.  Procure  a  boiler  in  which  t 
lay  be  immersed  to  the  neck  without  upsetting  (a  lar] 
ill  do).  Take  as  much  of  the  sample  as  will  contain  o, 
irmaldehyde.  Measure  with  the  pipette,  25  cc,  of  the 
ilution  into  each  of  the  bottles,  and  to  half  of  them  adc 

formaldehyde ;  stopper  tightly.     If  the  necks  of  the  1 

I  Am.  J.  PhaTM..  Feb.,  1898. 
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lU,  the  stoppers  need  not  be  tied  down.      Place  the  bottles  in 

boiler,  add  cold  water  to  the  necks,  and  heat  to  boiling.  Boil 
one  hour,  and  cool  by  running  in  cold  water  slowly,  being  care- 
not  to  allow  the  cold  water  to  touch  the  hot  bottles.  Titrate 
ti  sulphuric  acid  and  methyl  orange,  io  the  first  indication  of  a 
r  change.  Take  the  difference  between  the  readings  for  the 
iks  and  those  for  the  samples,  as  the  ammonia  consumed,  in 
mal  cubic  centimeters.  Of  this  difference,  r  cc.  equals  0.0601 
m  of  formaldehyde. 

'rials  were  made  on  the  sample  of  trioxymethylene  which  was 
i/iously  used,  but  which  bad  been  standing  for  one  year.  Re- 
5  were  obtained  as  follows  :  99.8,  98.5,  loo.o,  and  100.  i  per 
t.  On  a  sample  of  commercial  formaldehyde,  these  results 
«  obtained  :  38.0,  37.7,  37.6,  37.8, 37.8,  38, r  percent.  Asthis 
'k  was  done  at  night,  probably  better  results  could  be  obtained 
ler  better  conditions. 

^hese  experiments  indicate  that  Losekaon  obtained  good  results 
titrating  to  a  full  red,  because  the  loss  during  the  titration  about 
lals  the  amount  of  acid  added  between  the  first  color  change 
1  the  full  red  ;  that  is,  about  0.25  cc.  By  following  Losekann's 
»;tions,  fairly  good  results  may  be  obtained  with  normal  am- 
nia  solution,  without  the  use  of  a  blank.  The  rubber  stopper 
inges  its  shape  during  the  heating,  and  probably  a  glass-stopper 
uld  be  better  if  convenient,  and  if  a  secure  fit  could  be  made. 
)m  the  results  of  these  experiments  it  is  observed  that  the 
ction  of  the  Legler  method  is  quantitative,  and  that  the  results 

as  accurate  as  the  means  will  allow.  The  same  may  be  said  of 
:  Blank  and  Finkenbeiner  method. 

rhe  Legler  method  has  the  advantage  that  it  is  cheaper,  more 
ivenient,  and  less  subject  to  error  from  impurities  than  the 
nple.  In  using  the  Legler  method,  the  maximum  results  can 
obtained  by  boiling  for  one  hour. 

[t  must  be  remembered  that  the  errors  in  the  Legler  method  do 
t  balance  each  other.  The  tendency  is  toward  low  results- 
lerefore,  in  any  series  of  results,  the  higher  results  are  likely  to 

the  better.  A  blank  determination  is  necessary.  In  the  titra- 
n  a  correct  end-point  is  very  important.  In  both  the  Legler 
d  the  Blank  and  Finkenbeiner  methods,  any  acid  present  must 

accounted  for. 

OP  PEHnSVLVANlA. 


THE  INDIRECT  WEiaHINQ  OF  QUANTITATIVE 

TATES.     A  RAPID  AND  ACCURATE  HETHOI 

DETERMINING  THE  WEIGHT  OF  A  PRECI 

TATE  WITHOUT  SEPARATINO  IT  FROfl 

THE  LIQUID  FROM  WHICH  IT 

WAS  PRECIPITATED. 


THANKS  to  the  precision  of  the  modern  analytics 
gravimetric  analysis,  which  consists  essentially 
version  of  a  weighed  quantity  of  the  substance  to  be  i 
an  insoluble  form,  freeing  it  from  impurities  by  wj 
drying  and  weighing  it  in  the  new  form,  is  a  proce 
exact  almost  to  the  limit  of  perfection.  But  the  diffic 
way  of  properly  preparing  the  material  in  a  pure  ct 
subsequent  weighing  are  many.  The  tendency  of  mj 
tates  to  dissolve  in  the  liquid  used  for  washing  out 
the  mechanical  adhesion  of  these  impurities  to  the  ] 
substance,  and  finally  the  difficulty  of  separation  of 
tate  from  the  filtering  medium,  are  too  familiar  to  ev 
to  need  emphasis  here.  Many  devices  have  been  res 
order  to  obviate  the  errors  arising  from  these  cause 
general  result  that  an  accurate  gravimetric  analysis 
which  requires  considerable  time  for  its  completion  am 
in  its  manipulation. 

The  disadvantages  just  alluded  to  have  resulted  in  i 
eral  attempt  to  devise  volumetric  methods  which  cai 
out  with  more  ease  and  rapidity.  Generally  speakinj 
these  volumetric  methods,  which  are  based  upon  the  m 
of  volumes  of  liquids  which  are  known  to  contain  defii 
tions  of  the  materials  to  be  used,  are  open  to  serious  c 
cause  of  their  inherent  sources  of  error.  Inaccuracies 
tion  of  the  measuring  apparatus,  fluctuations  in  volu 
tion  due  to  changes  in  temperature,  and  changes  in  tfa 
tion  of  the  dissolved  material,  g^ive  rise  to  serious  er 
are  difiGcuIt  to  prevent  and  which  greatly  impair  the  v 
method  of  analysis. 

It  is  obvious,  therefore,  that  neither  of  these  tw< 
methods  can  be  said  to  possess  both  of  the  require] 
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^method  of  analysis,  »t3,,  accuracy  and  rapidity.  The  de- 
ability  of  some  simple  method  by  means  of  which  the  weight 
a  precipitated  substance  could  be  accurately  determined  with- 
t  the  necessity  of  first  completely  separating  it  from  the  liquid 
im  which  it  was  precipitated  is  apparent.  Such  a  method 
uld  have  the  accuracy  of  a  gravimetric  process,  without  its  at- 
idant  objectionable  features,  and  would  be  more  accurate  than 
ay  of  the  volumetric  methods.  So  far  as  I  have  been  able  to 
m,  no  such  method  has  been  suggested  up  to  the  present  time, 
lat  the  operation  is  possible,  however,  is  shown  by  the  discus- 
n  below.  That  it  is  not  only  possible,  but  practicable  and 
»ble  of  wide  application,  is  shown  by  the  analytical  data  pre- 
ited  in  a  subsequent  portion  of  this  paper, 

THE  THEORETICAL  DISCUSSION  OP  THE  PROPOSED  METHOD, 
rhe  formulas  which  are  given  below  are  based  on  facts  which 
;  so  well  known  as  to  seem  axiomatic;  namely,  that  theweight 
any  substance  is  equal  to  its  specific  gravity  times  its  volume  ; 
1  conversely,  that  the  volume  of  any  substance  is  equal  to  its 
ight  divided  by  its  specific  gravity. 

[f  now  a  certain  definite  volume  (which  may  be  represented  by 
of  a  mixture  of  a  liquid  and  a  solid,  or  precipitate,  be  weighed, 
i  weight  thus  obtained  is  obviously  equal  to  the  sum  of  the 
ights  of  the  liquid  and  the  precipitate.  Or,  if  the  weight  found 
represented  by  a  and  that  of  the  precipitate  and  liquid  by  x 
d^  respectively,  then 

Now  the  weight  of  the  liquid  v  is,  as  was  stated  above,  equal 
its  volume  times  its  specific  gravity.  Its  volume  is  obviously 
e  total  volume  of  the  mixture  minus  that  of  the  precipitate, 
d  the  volume  of  the  precipitate  is  its  weight  divided  by  its  spe- 
ic  gravity.  Or,  if  we  represent  the  volume  of  the  precipitate 
V,  and  that  of  the  liquid  by  v",  and  their  specific  gravities  by 
ind  d"  respectively,  then 

J'  =  -^d'.  (2) 

^  =  i>-v,  (3) 

v=^.  (4) 

Combining  2,  3,  and  4,  we  have 

7=(*-4-)rf'.  (5) 


6^6  R.  W.  THATCHER. 

Substituting  this  value  for_)'  in  (i)  the  formula beo 

»  =  ,+  (»--iX, 

i(a  — S/) 

'=   d-d:  ■ 

In  this  formula  a,  the  total  weight,  and  b,  the  tol 
are  known  ;  d,  the  specific  gravity  of  the  precipitate, 
for  precipitates  of  the  same  substance  and  can  be  detei 
for  all ;  and  d^,  the  specific  gravity  of  the  liquid,  ca 
determined.  From  these  factors  the  value  of  x,  thi 
weight  of  the  precipitate,  can  be  calculated. 

From  the  above  discussion  it  appears  that  in  order  t( 
the  weight  of  any  precipitate  without  separating  it  fi 
uid  from  which  it  was  precipitated,  it  is  only  necessa 
fer  the  mixture  to  a  vessel,  the  exact  volume  and  weig 
is  known  ;  weigh  the  whole;  then  draw  off  a  portion  c 
and  determine  its  specific  gravity.  From  this  data  anc 
specific  gravity  of  the  precipitate,  the  weight  of  thi 
easily  be  calculated  by  means  of  the  formula  given  at 
formula  is  a  general  one,  and  the  process  is,  therefore 
to  all  precipitates  of  which  the  sf)ecific  gravity  is  kn 
be  determined.  The  one  condition  by  which  its  ap 
limited  is,  that  the  specific  gravity  of  the  precipita 
constant,  or,  in  other  words,  that  the  precipitate  m 
have  the  same  composition.  Most  quantitative  piec 
of  definite  and  invariable  composition  and  hence  meet  t 
ment.  A  few,  however,  vary  in  character  with  var 
tions  of  precipitation.  This  method  of  procedure  coi 
for  determining  the  weights  of  such  precipitates  onl; 
conditions  under  which  they  were  formed  were  so  « 
to  insure  uniformity  in  the  composition  of  the  precipii 

Furthermore,  the  same  formula,  or  modifications 
serve  for  other  purposes.  For  example,  if  a  known 
some  substance  is  so  treated  as  to  produce  a  knowi: 
precipitate  the  specific  gravity  of  the  latter  may  be 
by  a  process  identical  with  that  described  above.  In 
the  weight  of  the  precipitate,  will  be  known  and  d, 
gravity,  unknown.  In  order  to  simplify  the  calculati 
mula  may  be  rearranged  as  follows : 

bd'  -^  X  —  a. 
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Since  no  very  satisfactory  method  for  determining  the  specific 
avity  of  solids  in  finely  divided  or  amorphous  condition  has 
retofore  been  proposed,  the  importance  of  this  application  of 
e  formula  is  apparent.  It  is  especially  valuable  in  determining 
e  specific  gravity  of  those  precipitates  which  decompose  or 
ange  in  composition  during  the  washing  and  drying  which  is 
cessary  in  order  to  obtain  them  in  a  pure  form. 
Again,  in  case  a  substance  can  be  readily  obtained  in  pure 
ndition,  its  specific  gravity  may  be  easily  determined  by  placing 
weighed  quantity  of  it  in  the  weighing -bottle  and  filling  the 
tter  with  pure  water,  and  weighing  the  whole.  Since  the  spe- 
fic  gravity  of  the  liquid  in  this  case  is  known,  no  further  data 
^  be  determined.  The  specific  gra\aty  of  the  solid  can  be 
imputed  from  the  formula  (8),  d'  being  a  constant  {i.  e.,  the 
■ecific  gravity  of  water  at  the  temperature  at  which  the  weigh- 
g  is  made),  and  bd"  likewise  a  constant  for  the  same  weighing- 
)ttle. 

Further,  since  this  method  of  determining  specific  gravity  can 
I  carried  out  very  rapidly,  it  may  serve  as  a  means  of  determin- 
ig  the  rate  of  change  in  composition  of  certain  variable  precipi- 
ites,  as,  for  example,  the  rate  of  dehydration  of  the  hydrated 
Elides  of  aluminum  or  iron.  Some  data  bearing  on  this  applica- 
on  of  the  formula  was  accidentally  accumulated  during  the  in- 
estigations  upon  the  accuracy  of  this  method  of  obtaining 
reigbts  of  precipitates,  and  will  be  published  at  some  later  time. 

METHODS  OF  OPERATION. 

Briefly  stated,  the  principle  upon  which  this  new  method  foi 
etermining  the  weight  of  quantitative  precipitates  is  based,  i; 
hat  if  the  weight  of  a  definite  volume  of  a  mixture  of  two  sub 
tances,  whose  specific  gravities  are  known,  be  determined,  th« 
iroportion  of  each  which  is  present  in  the  mixture  may  be  calcn 
ated.  An  indirect  determination  of  the  weight  of  a  precipitate 
vithout  previously  separating  it  from  the  liquid  from  which  ii 
vas  precipitated,  based  upon  this  principle,  consistsof  the  follow 
ng  processes  :  first,  a  determination  of  the  weight  of  a  measuret 
ralume  of  the  precipitate  and  mother-liquor ;  second,  the  separa 
TOu  of  a  correct  sample  of  the  liquid  from  the  precipitate  ;  third 
i  determination  of  the  specific  gravity  of  this  liquid;  and  fourth 
1  calculation  of  the  weight  of  the  precipitate  by  means  of  th< 
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formula  described  above.  A  previous  knowledge,  or  determina- 
tion, of  the  specific  gravity  of  the  precipitate  is,  of  course,  neces^ 
sary.  The  details  of  these  operations  and  precautions  to  be  ob- 
served in  each  are  described  below. 

Spectre  Gravity  of  the  Precipitate, — It  should  be  noted  that  the 
same  accuracy  in  the  determination  of  the  specific  gravity  of  the 
precipitate  as  in  that  of  the  liquid  is  not  necessary.  In  practical 
work  with  such  mixtures,  the  relative  amount  of  precipitate  pres- 
ent will  always  be  small  and  any  inaccuracy  in  the  determination 
of  its  specific  gravity  will  produce  a  correspondingly  small  error. 

None  of  the  methods  which  have  been  proposed  for  the  deter- 
mination of  the  specific  gravity  of  a  solid  substance  are  very  well 
adapted  to  work  with  finely  divided  or  amorphous  precipitates. 
Determinations  based  upon  the  loss  of  weight  of  the  material 
when  immersed  in  a  liquid  require  the  preparation  of  the  sub- 
stance in  a  perfectly  pure  and  dry  condition,  which  in  itself  is  as 
diflScult  as  the  preparation  of  such  precipitates  for  quantitatii?e 

a 

analysis,  and  the  use  of  specially  constructed  apparatus.  Meth- 
ods based  upon  a  measurement  of  the  volume,  or  displadng 
power,  of  a  weighed  quantity  of  the  substance  are  exceedingly 
unsatisfactory  when  applied  to  substances  in  powdered  form,  be- 
cause of  their  tendency  when  dry  to  enclose  air.  It  was  fotmd 
that  methods  based  upon  the  use  of  the  new  formula  as  ar- 
ranged for  specific  gravity  (8)  afforded  by  far  the  most  satisfac- 
tory method  for  this  purpose.  As  has  been  pointed  out,  this 
formula  may  be  applied  in  two  ways  :  first,  by  using  a  known 
amount  of  the  material  with  pure  water  as  the  liquid  for  comple- 
ting the  desired  volume,  and  second,  by  producing  a  known 
amount  of  the  desired  material  by  precipitation,  weighing  the 
mixture,  and  afterward  determining  the  specific  gravity  of  the 
liquid. 

In  all  the  following  work  a  Geissler  specific  gravity  bottle,  or 
pycnometer,  with  a  thermometer  ground  in  as  a  stopper  and  a 
capillary  overflow  tube  provided  with  a  glass  stopper,  was  used 
as  the  vessel  in  which  a  definite  volume  of  liquid,  or  mixture  of 
solid  and  liquid,  was  weighed.  Such  a  pycnometer  having  been 
selected  and  its  weight  and  volume  once  accurately  determined,  it 
can  be  used  for  a  long  series  of  determinations  without  the  neces- 
sity of  recalibration,  since  changes  in  its  weight  or  volume  are 
very  slight,  or  practically  none  at  all.     Two  of  these  pycnometers 
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re  used,  one  having  a  capacity  of  approximately  100  cc.  and 
;  other  of  about  50  cc,  'These  were  calibrated  as  follows :  The 
cuometer  was  carefully  cleansed  and  dried  and  its  weight  ac- 
rately  determined.  It  was  then  filled  with  distilled  water, 
lich  had  been  recently  boiled  and  then  cooled  to  a  temperature 
;htly  below  that  at  which  the  bottle  was  to  be  calibrated.  The 
nanometer  was  inserted  and  the  temperature  of  the  water 
owed  to  rise  slowly,  the  pycnometer  being  frequently  shaken 
insure  uniform  temperature  throughout  the  whole.  When  the 
:rmometer  indicated  20°  (that  being  adopted  as  the  tempera- 
re  most  convenient  for  the  working  conditions  of  this  labora- 
■y),  theoverflow  tube  was  closed,  the  outside  of  the  pycnometer 
refully  dried,  and  the  whole  immediately  weighed.  The  pycnom- 
T  was  emptied,  refilled,  and  reweighed  several  times  until  an 
act  knowledge  of  its  water  content  at  20°  was  obtained.  This 
light  was  then  divided  by  0.99S2 13  (the  specific  gravity  of  water 
this  temperature),  and  the  result  taken  as  the  volume  of  the 
cnoroeter.  The  weighings  were  all  corrected  for  a  slight  differ- 
ce  in  the  length  of  the  balance  arms  but  were  not  reduced  to 
e  weight  m  vacuo,  as  this  was  not  deemed  necessary  for  the  pur- 
se of  ordinary  analytical  work.  In  order  to  determine  the 
ecific  gravity  of  any  insoluble  substance  of  which  a  quantity  of 
ire  material  was  available,  it  was  only  necessary,  then,  to  intro- 
ice  a  weighed  quantity  of  it  into  a  pycnometer  which  had  been 
librated  as  described  above  ;  fill  the  latter  with  pure  distilled 
iter,  properly  cooled  ;  bring  the  mixture  to  the  temperature 
opted  in  calibration  ;  and  complete  the  weighing  as  before. 
lie  specific  gravity  of  the  precipitate  was  then  calculated  from 
e  formula.  If  the  substance  in  question  was  in  the  form  of  a 
y  powder  a  little  water  was  added  to  it  after  it  had  been 
sighed  and  the  mixture  stirred  thoroughly  to  insure  complete 
etting  of  the  material  and  exclusion  of  enclosed  air  bubbles.  In 
sc  no  supply  of  pure  material  of  the  substance  whose  specific 
avity  was  to  be  determined  was  available,  or  could  be  prepared 
liy  with  difficulty,  the  process  was  carried  out  exactly  as  will 
;  described  below  for  the  indirect  weighing  of  precipitates.  In 
lis  case  it  was  necessary  to  start  with  a  known  amount  of  some 
iluble  material  which  was  subsequently  quantitatively  precip- 
ated  in  the  desired  form.  The  details  of  the  method  will  appear 
1  a  subsequent  paragraph. 
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Loevinsohn^  has  shown  that  the  state  of  subdivision  or  mass  of 
a  substance  has  no  effect  upon  its  specific  gravity,  hence  it  is  only 
necessary  to  insure  that  the  composition  of  the  precipitate  shall 
be  invariable  in  order  that  its  specific  gravity  shall  be  constant, 
no  matter  what  the  conditions  under  which  it  was  precipitated 
may  be.  The  specific  gravity  of  any  invariable  quantitative  pre- 
cipitate having  been  once  accurately  determined,  this  factor  may 
be  used  for  all  subsequent  indirect  determinations  of  the  weight 
of  precipitates  of  this  substance. 

Weight  of  a  Definite  Volume  of  the  Mixture, — Any  apparatus, 
the  exact  volume  of  which  is  known,  might  serve  as  a  weighing- 
bottle  for  the  mixture,  but  since  the  volume  and,  conversely,  the 
specific  gravity  of  a  liquid  are  affected  by  changes  of  temperature, 
a  means  of  controlling  or  determining  the  latter  is  essential.  A 
very  small  neck  or  opening  which  may  be  closed,  in  order  to  pre- 
vent evaporation  of  the  liquid  during  weighing,  is  also  very  de- 
sirable for  accurate  work.  The  Geissler  specific  gravity  bottle 
already  mentioned  is  admirably  suited  to  these  needs. 

The  weighing-bottle  having  been  prepared,  the  substance  to  be 
weighed  was  precipitated  according  to  the  method  used  in  the 
ordinary  analysis.  After  precipitation  was  complete,  the  mixture 
was  cooled  to  a  temperature  slightly  below  that  at  which  the 
pycnometer  was  calibrated.  (The  total  volume  of  the  mixture 
should  not  exceed  two-thirds  that  of  the  pycnometer.  If  greater 
than  this,  the  excess  of  liquid  was  removed  by  drawing  it  off 
through  a  filtering  pipette. )  A  funnel  with  a  short  stem  was 
placed  in  the  neck  of  the  pycnometer  and  the  precipitate  and 
mother-liquor  were  washed  into  it  by  means  of  a  fine  jet  of  cold 
water.  After  the  precipitate  was  all  washed  in ,  the  volume  was  com- 
pleted with  water  which  had  been  properly  cooled,  the  water  being 
allowed  to  flow  down  the  sides  of  the  pycnometer  so  as  not  to 
disturb  the  precipitate  below  and  cause  it  to  rise  in  the  neck  of 
the  bottle.  A  very  small  amount  of  certain  precipitates  will  rise 
to  the  surface  by  **  creeping.'*  In  case  this  occurred,  the  mate- 
rial on  the  surface  of  the  liquid  was  gently  tapped  with  the  hulb 
of  the  thermometer  several  times  before  inserting  the  latter. 
This  generally  sufficed  to  cause  the  floating  particles  to  settle  and 
thus  prevent  any  loss  of  the  precipitate.  After  the  thermometer 
had  been  inserted,  the  capillary  opening  was  closed  with  the 

^  Inaug.  Diss.,  Berlin,  1883 :  abs.  in  Ber.  d.  chem.  Ges.^  la,  22. 


INDIRECT  WEIGHING.  65! 

tiger,  the  bottle  inverted,  and  its  contents  thoroughly  mixed  by 
taking,  so  as  to  insure  uniformity  in  the  dilution  of  the  liquid, 
his  was  repeated  several  times  while  the  temperature  of  the 
juid  was  rising  to  the  desired  point.  When  the  thermometer 
dicated  20"  the  pycnometer  was  closed,  dried,  and  immediately 
eighed.  Except  in  very  rare  cases,  no  appreciable  change  in 
mperature  occurred  during  the  weighing,  since  the  temperature 
'  the  balance  case  was  usually  but  very  slightly  above  that  of  the 
jrcnometer.  The  weight  thus  obtained  minus  that  of  the  pycnom- 
er  gave  that  of  the  volume  of  the  mixture  which  the  latter 
mtained. 

Separation  of  the  Liquid  from  the  Precipitate. — In  order  that  the 
imple  of  liquid,  which  was  withdrawn  to  be  used  in  the  deter- 
ination  of  its  specific  gravity,  should  exactly  represent  the  com- 
jsition  of  the  whole  of  the  liquid,  it  was  necessary  that  the  pro- 
:ss  be  rapid  enough  to  prevent  any  concentration  by  evapora- 
on,  that  the  liquid  should  not  be  diluted  by  coming  in  contact 
ith  damp  or  wet  apparatus,  and  that  its  separation  from  the  pre- 
pitate  should  be  complete.  The  ordinary  method  of  filtration 
ould  generally  result  in  a  change  in  specific  gravity  through 
raporatioD,  and  would  be  a  return  to  one  of  the  objectionable 
atures  of  the  usual  methods  of  analysis.  Two  methods  for  ac- 
smplishing  the  desired  result  suggested  themselves :  first,  the 
itbdrawal  of  the  desired  sample  by  means  of  a  filtering  pipette, 
id  second,  a  mechanical  subsidence  of  the  precipitate  by  means 
\  a  centrifugal  and  subsequent  drawing  off  of  a  sample  of  the 
lear  supernatant  liquid.  The  use  of  a  filtering  pipette  would 
lord  a  very  convenient  and  rapid  means  of  withdrawing  a  portion 
f  clear  liquid  from  the  mixture,  if  the  precipitate  were  in  granular 
r  crystalline  form,  but  in  the  case  of  those  precipitates  which 
:nd  to  clog  up  the  filter  or  are  so  finely  divided  as  to  partially 
ass  through  the  ordinary  filtering  media,  the  process  is  much 
ss  satisfactory.  Moreover  most  of  the  forms  of  filtering  pipette 
fhich  have  yet  been  suggested  are  more  or  less  difficult  to  clean 
nd  dry  rapidly. 

Hence,  in  nearly  every  determination  which  was  made  in  the 
iresent  work  the  second  method  of  separating  the  liquid  from  the 
■recipitate  was  employed.  The  only  centrifugal  which  was  avail- 
ible  was  an  old  form  of  the  Babcock  milk  tester.  This  was  used 
fith  very  satisfactory  results.     The  separation  was  accomplished 
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as  follows :  The  mixture  in  the  pycnometer  was  shaken  gently  to 
insure  uniform  composition  of  the  liquid  and  a  portion  of  it 
poured  into  a  large,  clean,  dry  test-tube.  The  latter  was  placed 
in  the  centrifugal  and  whirled  until  the  precipitate  settled  com- 
pletely, leaving  a  clear,  supernatant  liquid.  For  most  of  the  pre- 
cipitates this  required  less  than  one  minute.  Barium  sulphate 
and  aluminum  hydroxide  required  a  little  longer,  but  in  no  case 
was  it  necessary  to  spin  the  apparatus  longer  than  three  minutes. 
Evaporation  of  the  liquid  during  this  time  was,  of  course,  very 
slight  and  could  be  entirely  prevented  by  closing  the  test-tube 
with  a  cork.  As  soon  as  the  supernatant  liquid  was  free  from 
floating  particles  of  the  precipitate,  a  sufficient  amount  of  it  to 
fill  the  smaller  pycnometer  was  drawn  up  into  a  dry  pipette  and 
its  specific  gravity  determined.  Duplicate  samples  drawn  from 
various  depths  in  the  tube  showed  no  appreciable  variation  in 
density. 

Specific  Gravity  of  the  Liquid. — The  determination  of  the  specific 
gravity  of  the  liquid  component  of  the  mixture  is  the  most  crit- 
ical operation  in  the  whole  process.  A  single  computation  of  the 
weight  of  a  precipitate  by  means  of  the  new  formula  will  suflSce 
to  show  that  any  very  large  error  in  the  fifth  decimal  place  of  the 
factor  for  the  specific  gravity  of  the  liquid  will  produce  a  small 
error  in  the  fourth  decimal  place  (or  tenths  of  milligrams)  of  the 
weight  obtained.  It  is  therefore  essential  that  the  method  to  be 
adopted  for  determining  the  specific  gravity  of  the  liquid  shall  be 
capable  of  giving  results  with  considerable  accuracy  to  the  fifth 
decimal  place.  This  excludes  the  use  of  ordinary  areometers, 
specific  gravity  balances,  etc. ,  and  limits  the  operator  to  the  use 
of  specific  gravity  bottles  of  the  best  form.  It  has  been  shown 
by  many  analysts,  however,  that  the  Geissler  pycnometer  if  care- 
fully controlled  will  give  results  which  are  very  accurate  to  the 
fifth  decimal  place.  Extreme  care,  such  as  is  used  in  the  best  of 
physical-chemical  operations,  will  give  results  very  closely  approx- 
imating the  truth  in  the  sixth  place,  but  such  accuracy  as  this  is 
not  necessary  for  ordinary  analytical  work. 

This  method  of  determining  the  specific  gravity  of  a  liquid  was 
therefore  chosen  as  the  one  best  adapted  to  the  purposes  of  the 
present  work.  The  process  of  such  a  determination  is  too  familiar 
to  all  analysts  to  need  detailed  description.  The  pycnometer  was 
filled  with  the  liquid  in  question  in  exactly  the  same  manner  as  it 
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s  filled  with  water  in  calibration,  and  weighed  under  the  same 
iditions.  The  weight  of  the  liquid  thus  obtained,  divided  by 
;  weight  of  the  same  volume  of  water,  corrected  for  the  specific 
ivity  of  water  at  the  temperature  of  the  weighing,  gave  the 
rafic  gravity  of  the  liquid. 

CaUulation. — The  calculation  of  the  weight  of  the  precipitate 
m  the  data  obtained  as  described  above  was  a  comparatively 
iple  process.  The  factor  b  in  the  formula,  representing  the 
ume  of  the  large  pycnometer,  is  a  constant  which  in  every 
culatiott  is  to  be  multiplied  by  the  specific  gravity  of  the  liquid, 
table  showing  the  product  obtained  by  multiplying  this  factor 
each  of  the  digits,  was  prepared,  which  greatly  facilitated  the 
culation. 

Effect  of  Variations  i7i  Formula  for  Precipitate. — The  exact  com- 
sition  of  some  of  the  common  quantitative  precipitates  when  in 
;  moist  condition  is  not  known,  since  they  may  contain  some 
emically  combined   water  which    they  lose  on    being  dried 

■  an  analysis.     Such  a  knowledge  is  not  absolutely  necessary 

■  the  purpose  of  this  method  of  determining  their  weight,  how- 
er.  If  a  certain  formula  be  assumed  to  represent  the  composi- 
>n  of  such  a  precipitate  and  its  specific  gravity  calculated  on 
is  basis,  it  is  obvious  that  a  weight  calculated  from  the  specific 
avity  thus  obtained  will  be  correct  even  though  the  formula 
jich  was  adopted  does  not  correctly  represent  the  nature  of  the 
bstance.  The  error  in  the  determination  of  the  specific  gravity 
11  be  repeated  in  the  opposite  direction  in  the  subsequent  calcu- 
:ion  and  a  correct  result  will  thus  be  obtained. 

It  is,  however,  absolutely  essential  that  the  nature  of  the  pre- 
aitate  shall  be  the  same  under  the  conditions  of  the  determina- 
)n  of  its  weight  as  under  those  which  accompany  the  determina- 
)n  of  its  specific  gravity.  For  those  precipitates  whose  com- 
isition  is  likely  to  vary  with  the  conditions  under  which  they 
e  produced,  the  determination  of  their  specific  gravity  by  the 
me  process  as  is  to  be  used  later  in  weighing  is  the  best  method 
'  pursue,  since  it  will  obviate  any  errors  due  to  change  in  the 
iture  of  the  precipitate.  As  has  been  shown,  it  is  possible  to  do 
lis  by  producing  the  precipitate  in  such  a  manner  that  its  weight 
ay  be  known,  and  its  specific  gravity  calculated  by  the  proper 
Tangement  of  the  new  formula. 


* 


.   I 


•♦.    • 


i  ,       •' 


654 


R.  W.  THATCHER. 


I  * 


\     * 


'.  V  • 


•    • 


'  .     /  •  -  • 


■  •  * 


.  •  .    p 


•     «    . 


.:.  •   .- 


4  •.• 


-•  •. 


EXPERIMENTAL  WORK. 

In  order  to  test  the  accuracy  of  the  new  method  of  obtainiiig 
the  weights  of  quantitative  precipitates  and  also  to  compare  this 
method  with  the  older  ones  with  regard  to  simplicity  of  manipu- 
lation, a  large  number  of  determinations  of  the  weights  of  pre- 
cipitates obtained  from  chemically  pure  material  by  the  best 
methods  of  quantitative  precipitation  were  made.  In  general 
those  precipitates  which  are  of  considerable  technical  importance 
and  which  are  subject  to  peculiar  disadvantages  when  weighed 
by  the  usual  gravimetric  methods,  were  selected  for  this  exper- 
imental work. 

Estimation  of  Chlorine  as  Silver  Chloride, — Rodwell'  states  that 
the  specific  gravity  of  silver  chloride  is  5.505  at  o®  C.  and  4.919 
at  the  melting-point.  Mohr*  gives  the  figure  5.7  as  the  specific 
gravity  of  silver  chloride  but  does  not  state  the  conditions  under 
which  the  determination  was  made.  Loevinsohn'  gives  the  fol- 
lowing  as  the  average  results  of  several  determinations  of  the 
specific  gravity  of  silver  chloride  in  different  physical  forms: 
freshly  precipitated,  5.5667  ;  dried,  5.5667  ;  melted,  5.5549. 
Schroder,*  in  his  work  on  the  molecular  volume  of  silver  chloride, 
obtained  results  for  its  specific  gravity  which  varied  from  5.517 
to  5-594  with  an  average  of  5-553- 

These  results  vary  so  widely  as  to  make  it  impossible  to  deter- 
mine from  them  what  the  true  value  for  the  specific  gravity  of 
silver  chloride  is.  It  was  therefore  necessary  to  make  a  series  of 
determinations,  in  order  to  obtain  a  correct  factor  to  be  used  in 
the  subsequent  work  of  determining  chlorine  as  silver  chloride. 

Since  silver  chloride  decomposes  quite  rapidly  when  exposed  to 
the  light,  several  known  quantities  of  pure  silver  chloride  were 
produced  immediately  before  beginning  this  work  as  follows: 
Measured  portions  of  a  standard  hydrochloric  acid  solution  (the 
exact  chlorine  content  of  which  had  been  previously  determined) 
were  precipitated  with  silver  nitrate  according  to  the  method 
usually  adopted  for  that  purpose.  The  precipitate  in  each  case 
was  transferred  to  a  large  test-tube  and  whirled  in  the  centrifugal. 
In  this  way  the  precipitate  was  quickly  collected  in  a  compact 
mass  at  the  bottom  of  the  tube  and  the  supernatant  liquid  could 

1  Proc.  Roy.  Soc.^  35,  280. 

«Pogg.  AnH.,  113,  655. 

>  Inattg.  Diss.,  Berlin,  1SS3. 

*  Ann.  Chem.  (I«iebig),  19a,  295. 
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almost  entirely  drawn  off  by  means  of  a  filtering  pipette  with- 
t  distarbing  the  precipitate.  The  latter  was  washed  with  hot 
tilled  water  in  this  way  until  the  washings  gave  no  test  for 
■er.  The  pure  silver  chloride  thus  obtained  was  perfectly 
ite,  the  process  being  of  so  short  duration  as  to  prevent  any 
romposition. 

rhe  precipitate  was  immediately  washed  into  a  pycuometer, 
:  latter  filled  with  pure  distilled  water  and  weighed  under  the 
iditions  outlined  in  the  previous  description  of  the  method  for 
ennining  specific  gravity  of  precipitates.  The  following  are 
;  results  of  the  determinations. 


Table  I,— Specific  Gravity  op  Silver  Chi.ov 

LIDE. 

Hydrochloric  acid            Silver  chloride 
takes.                          equivBlcDt. 

Calculi  led  api 

dfic  graviiy. 

30                          0-4573 
40                          0.6098 

5-559' 
5-5561 

35                             0.5335 
45                      ■      0.6860 

55455 

5.5680 

Average,     5.5570 
A  sample  of  chemically  pure  sodium  chloride  was  finely  pulver- 
id,  dried  in  an  air  oven  at  120°  for  an  hour,  and  several  samples 

this  powder  weighed  out  for  analysis.  Each  weighed  sample 
15  dissolved  in  distilled  water,  the  solution  heated  to  boiling, 
d  the  chlorine  precipitated  by  silver  nitrate  solution,  according 

the  usual  method.  The  mixture  was  then  cooled  down  to 
lOUt  18°.  It  was  then  washed  into  the  large  pycnometer, 
ought  to  the  proper  temperature,  and  weighed.  The  precip- 
ite  settled  so  completely  during  the  weighing  that  it  was  not 
icessary  to  whirl  the  mixture  in  the  centrifugal  in  order  to 
itain  a  clear  liquid  for  the  specific  gravity  determination.  After 
sighing,  therefore,  the  mixture  was  cooled  slightly,  a  portion  of 
e  clear  supernatant  liquid  drawn  oS,  transferred  to  the  smaller 
rcnometer,  weighed  as  soon  as  it  reached  the  proper  tempera- 
ire,  and  the  specific  gravity  calculated.  From  these  data  the 
eight  of  the  silver  chloride  found  was  calculated.  The  follow- 
ig  are  the  results  which  were  obtained : 
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Tabi^e  II.— Determinations  op  Chlorine  in  Sodium  Chloride. 


Sodium  chloride 

taken. 

Grams. 

1  0.8164 

2  1.0205 

3  1.0342 

4  0.6186 

5  0.4823 

6  0.6877 


Silver  chloride 
found. 
Grams. 

1.9998 

2.5085 

2.5320 

1.5233 
I.1851 

1.6899 


Chlorine 

equivalent. 

Gram. 

0.4946 

0.6202 

0.6262 

0.3757 
0.2931 

0.4179 


Chloriae 

found. 

Percent 

60.58 

60.76 

60.56 

60.73 
60.76 

60.75 


•  • 


The  theoretical  amount  of  chlorine  in  sodium  chloride  is  60.60 
per  cent.  The  results  shown  above  are  therefore  within  the  limit 
of  experimental  error.  They  are  no  better  than  may  be  obtained 
by  the  ordinary  methods  of  weighing,  however.  These  deter- 
minations were,  the  first  that  were  made  by  the  new  process  and 
it  is  probable  that  with  more  experience  in  manipulation  better 
results  would  have  been  obtained.     The  process,  however,  does 

■ 

not  ofPer  any  especial  advantage  over  the  usual  gravimetric  anal- 
ysis in  the  case  of  a  precipitate  which  is  so  easily  prepared  for 
weighing  as  is  silver  chloride.  Should  some  substance  which 
would  render  the  washing  of  the  precipitate  tedious  or  difficult  to 
complete  be  present  in  the  solution,  this  new  method  might  be  of 
value. 

EsHmaHofi  0/ Sulphur  as  Barium  Sulphate. — ^Several  determina- 
tions of  the  specific  gravity  of  barium  sulphate  by  the  older 
methods  have  been  published.  Mohr*  g^ves  4.446  as  the  result 
obtained  when  the  dried  precipitate  was  used.  Karstetf  used 
ignited  material  and  obtained  4.2003  as  its  specific  grarity. 
Rose'  made  two  determinations,  using  freshly  precipitated  salt 
with  an  average  result  of  4.5262.  Schroder,*  during  his  work  on 
molecular  volumes,  made  several  determinations  under  different 
conditions  and  gives  results  varying  from  4.022  to  4.512  with  a 
mean  value  of  4.330.  Wiedemann*  made  four  determinations, 
using  water  at  14.9®  as  the  standard  of  comparison.  He  obtained 
very  concordant  results,  the  average  being  4.3962.  None  of  these 
results  being  satisfactory  for  the  present  work,  preliminary  deter- 
minations of  the  specific  gravity  of  barium  sulphate  were  neces- 
sary.     A  quantity  of  pure  barium  sulphate  was  dried  in  the 

1  See  sattger's  "  Tabell.  tiber  dem  Spez.  Gew.  Kdrpern." 
«  Schweigger'sy<^»ma/,  65,  394. 
»  Pogg.  Ann.,  75,  409. 
« Ibid.,  106,  226. 
ft /*«</.,  [5],  15.371. 
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en  at  140°  and  varying  amounts  of  this  material  were  weighed 
t  for  the  determination  of  specific  gravity.  Each  weighed  por- 
tn  was  washed  into  the  pycnometer  and  the  latter  filled  with 
itilled  water  and  the  determination  of  specific  gravity  completed 
usnal.     The  following  results  were  obtained : 

Table  III. — Spscipic  Gravity  of  Barium  Sin.PHATB. 


UkCD. 

Gr.™.. 

dfic  zr.vity. 

3-7»5i 

4.198a 

1.6317 

43330 

3.0868 

4.3aa5 

i.»738 

4- 3*93 

3093> 

4.3000 

3.8593 

4.379' 

1 .7795 

4.3o6i 

Average,    4.309S 
The  factor  4.31  was  assumed  as  representing  the  correct  value 
r  the  specific  gravity  of  barium  sulphate  and  was  used  in  all 
bsequent  determinations  of  the  weight  of  precipitates  of  the 
ter. 

A  quantity  of  chemically  pure  potassium  sulphate  was  finely 
ilverized,  dried  in  the  air-oven,  and  cooled  in  a  weighing -bottle. 
K  samples  were  weighed  out  from  this  bottle  into  separate 
akers.  Each  sample  was  dissolved  in  distilled  water,  10  cc.  of 
Dcentrated  hydrochloric  acid  added,  the  solution  heated  nearly 
boiling,  a  slight  excess  of  barium  chloride  solution  added,  and 
e  mixture  boiled  for  a  few  minutes.  After  standing  for  a  short 
ne  a  part  of  the  clear  supernatant  liquid  was  drawn  off  so  as  to 
duce  the  total  volume  to  about  half  that  of  the  large  pycnometer. 
le  remainder  of  the  mixture  was  then  cooled,  washed  into  the 
'coometer,  and  the  latter  filled  and  weighed  as  usual.  After 
is  weighing  the  liquid  in  the  pycnometer  was  thoroughly  mixed 
'  shaking,  then  poured  into  a  large  test-tube,  the  latter  placed 
to  the  centrifugal  and  whirled  until  the  precipitate  had  completely 
ibsided.  This  required  two  or  three  minutes  and  the  tempera- 
Te  of  the  liquid  was  raised  several  degrees.  As  soon  as  the 
ipematant  liquid  became  clear,  a  portion  of  it  was  drawn  off, 
■oled,  transferred  to  the  smaller  pycnometer  and  its  specific 
avity  determined.  From  the  data  thus  obtained  the  weight  of 
le  barium  sulphate  precipitate  was  calculated.  The  following 
e  the  results  obtained : 


-  •        ■  •   . 

f  . 

..       • 

1         ^    * 

•'      • 

1.        • 

•         > 

I 

\            •• 

•.  •      -     •     .     •    . 

1                   « 

-  •   •• 

• 

«                    .. 

1 

• 

• 

• 

• 

-    •  ••  * 

^ 

•                 .     •     .  . » 

•      « 

■  .  »       •     * 

■ 

♦ 


".  ^  ' 


J 


•     • 


•■A  • 


4    •.' 


658 


R.  W.  THATCHER. 


Table  IV. — Determinations  of  Sui^hur  in  Potassium  Sulphate. 


I 

2 

3 

4 

5 
6 


taken. 
Grams. 

2.4887 

28379 

2.2032 

0.9574 
0.6000 

0.6459 


im  sulphate 
fotina. 
Grams. 

Sulphur 

equivalent. 

Gram. 

Sulphur 

found. 

Percent. 

3.3581 

0.4612 

18.53 

3.8583 

05299 

18.67 

2.9823 

0.4096 

18.58 

1.2759 

0.1755 

18.32 

0.8063 

O.I  107 

18.45 

0.8664 

O.I 190 

18.42 

The  theoretical  amount  of  sulphur  in  potassium  sulphate  is 
18.40  per  cent. 

The  determinations  recorded  above  are  all  that  were  made  by 
the  new  method  and  may  therefore  be  regarded  as  showing  what 
may  be  expected  of  this  method  in  ordinary  work.  They  show 
that  if  the  amount  of  barium  sulphate  precipitated  is  not  too 
large,  very  satisfactory  results  are  obtained.  Even  with  the  very 
large  amounts  of  precipitate  obtained  in  Nos.  1,2,  and  3  above, 
the  results  compare  very  favorably  with  those  which  it  is  pos- 
sible to  obtain  by  the  ordinary  methods  of  weighing  this  precip- 
itate. The  whole  process  of  determining  the  weight  of  barium 
sulphate  precipitate  by  this  method  requires  less  than  thirty 
minutes*  time.  The  very  difiBcult  and  tedious  process  of  wash- 
ing the  barium  sulphate  free  from  impurities  is  unnecessary  and 
all  danger  of  loss  of  precipitate,  because  of  its  slight  solubility  in 
the  water  used  for  washing  it,  is  avoided.  This  method  as  ap- 
plied to  the  determination  of  the  weight  of  a  precipitate  of  barium 
sulphate  may  therefore  be  carried  out  with  very  much  more 
rapidity  and  is  much  less  susceptible  to  error  than  any  of  the 
methods  now  in  use. 

Estimation  of  Calcium  as  Calcium  Oxalate. — The  only  results  of 
determinations  of  the  specific  gravity  of  calcium  oxalate  are  those 
published  by  Schroder.*  He  gives  the  following  values  for  the 
precipitate  at  4°  :  2. 181,  2.182,  and  2.200.  Previous  work  along 
this  line  being  so  meager,  it  was  necessary  to  make  a  sufi&dent 
number  of  determinations  to  insure  a  very  reliable  average  result 
No  pure  calcium  oxalate  being  available,  a  few  perfect  crystalsof 
Iceland  spar  were  selected  as  the  starting-point  for  this  work. 
These  were  ground  to  a  fine  powder  in  an  agate  mortar.  The 
powder  was  then  dried  thoroughly  and  three  portions  of  it  weighed 
out  into  separate  beakers.     These  were  each  dissolved  in  dilute 

*  Ber.  d.  chem.  Ges.,  la,  561. 
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Irochloric  acid,  the  solution  heated  to  boiling,  atntnonia  and  a 
ht  excess  of  ammonium  oxalate  added,  and  the  whole  boiled 
itly  for  a  few  minutes,  Souchay  and  Lenssen'  have  shown 
t  under  these  conditions  a  stable  precipitate  having  the  com- 
ition  CaC,O^.H,0  is  formed.  These  precipitates  were  washed 
decantation,  as  described  in  the  case  of  silver  chloride,  until 
:  from  chlorides,  and  their  specific  gravity  determined  by 
gbing  with  pure  water.  The  results  obtained  are  indicated 
Nos.  1 ,  2,  and  3  in  the  table  below.  From  the  same  material 
mrth  portion  of  exactly  10  grams  was  weighed  out,  transferred 
a  liter  Sask,  and  dissolved  in  dilute  hydrochloric  acid.  The 
ume  was  completed  to  the  mark  and  four  aliquot  portions  im- 
iiately  drawn  off  before  any  appreciable  change  in  volume  due 
■ise  in  temperature  had  occurred.  The  calcium  in  these  solu- 
is  was  then  precipitated  as  described  above.  The  specific 
vity  of  these  precipitates  was  then  determined  by  the  usual 
thod  without  separation  from  the  mother-liquor.  The  results 
ained  are  indicated  by  Nos,  4  to  7  inclusive  in  the  table  below. 

Table  v.— SPEcinc  Gravity  of  Calcium  Oxai^te. 

Calcium  carbonate  Caldam  oxalate 


lamil 

Ciama.    '                       d6c 

gravity. 

aS94 

I.8161                               3 

a5»4 

5330 

3,083 

1461 

4184 

3.o#7 

1418 

0000 

I.45OO                                    3 

34J5 

5000 

0.7150                      a 

3538 

0000 

i.45'»                        * 

a«3 

5000 

0,7350                        3 

2470 

Average,    1.3465 

rhree  aliquot  portions  of  the  solution  of  Iceland  spar  in  hy- 
xhloric  add  described  above  were  measured  out,  and  two 
ler  samples  of  the  finely  ground  material  were  weighed  out 
d  dissolved  in  dilute  hydrochloric  acid.  The  calcium  was  pre- 
)itated  from  the  boiling  solution  by  ammonia  and  ammonium 
alate  and  the  precipitates  allowed  to  stand  until  cool.  The 
iirect  weighing  of  these  precipitates  was  then  carried  out 
previously  described,  with  the  following  results  : 

<  Axn.  Chim.  l*arm..  lOo,  yit. 
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Tabids  VI.— Determinations  of  Calcium  in  Iceland  Spal 


Calcium  carbonate 
taken. 
Grams. 

Calcium  oxalate 
found. 
Grams. 

Calcium 

equivalent. 

Gram. 

Caldum 

found. 

Per  ceuL 

I 

I.OOOO 

1.4483 

0.4000 

40.00 

2 

0.5CX30 

0.7266 

0.2007 

40.14 

3 

0.5000 

0.7251 

0.2002 

40.04 

4 

1.0009 

1.4542 

0.4019 

40.15 

5 

1.0785 

1-5595 

0.4207 

39.97 

•  • 


The  theoretical  amount  of  calcium  in  calcium  carbonate  £540.04 
per  cent.  The  results  obtained  are  therefore  well  within  the 
limits  of  experimental  error.  The  weighing  of  the  precipitate  by 
this  method  does  not  require  more  than  thirty  minutes'  time,  so 
that  a  complete  gravimetric  determination  of  calcium  by  this 
method  may  be  made  in  less  than  one  hour  and  the  results  are  as 
accurate  as  can  be  obtained  by  the  best  of  the  present  methods. 
The  washing  of  the  precipitate  and  its  subsequent  conversion  into 
carbonate  or  oxide  by  ignition  are  therefore  unnecessary. 

Estimation  of  Phosphoric  Acid  as  Ammonium  PhosphotnolybdaU, 
— The  estimation  of  phosphoric  acid  is  one  of  the  most  important 
as  well  as  one  of  the  most  diflficult  problems  which  the  technical 
analyst  has  to  solve.  Its  precipitation  as  ammonium  phospho- 
molybdate  is  now  almost  universally  adopted,  because  this  com- 
pound serves  to  eflFect  the  separation  of  phosphoric  acid  from  other 
bodies  and  possesses  the  added  advantage  of  being  a  readily  sub- 
siding precipitate.  Earlier  experimenters  have  considered  that 
the  composition  of  the  compound  is  somewhat  variable'  and  that 
its  conversion  into  some  more  stable  form  prior  to  the  final  weigh- 
ing is  therefore  necessary.  More  recently  Hundeshagen,'  in  his 
analytical  studies  of  this  compound,  has  shown  that  its  composi- 
tion under  all  conditions,  when  free  from  molybdic  add  and  other 
impurities,  is  i2Mo08.P04.3NH^.  It  is  quite  difficult  to  obtain 
the  precipitate  free  from  impurities,  however,  and  nearly  all  the 
gravimetric  methods  now  in  use  require  the  solution  of  the  pre- 
cipitate in  ammonia  and  its  subsequent  precipitation  as  magnesium 
ammonium  orthophosphate,  the  latter  being  ignited  and  weighed 
as  magnesium  pyrophosphate,  or  titrated  volumetrically.  There 
are  numerous  difficulties  in  this  process.  Bergami'  is  of  the 
opinion  that  magnesium  oxide  is  frequently  thrown  out  along 

>  Presenius*  "  Quantitative  Analysis,  *'  p.  199. 

■  Chem.  Netus^  60,  168,  177,  188,  aoi,  215. 

*  Bull.  43,  Division  of  Chemistry,  U.  S.  Dept.  Agr.,  p.  99. 
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th  the  phosphate  precipitate,  which  produces  too  high  results, 
irthennore  Gooch  and  Austin'  found  that  if  too  much  amtno- 
im  salts  are  present  in  the  solution  the  precipitate  is  apt  to  be 
rtially  converted  into  a  metaphosphate  on  ignition,  which  will 
ewise  yield  too  high  results  when  calculated  back  to  phosphoric 
id.  These  difficulties  have  led  to  numerous  attempts  to  execute 
t  final  determination  directly  upon  the  yellow  precipitate, 
mot'  has  shown  that,  with  proper  precautions,  the  yellow  salt 
ty  be  reprecipitated  from  its  ammoniacal  solution,  washed 
fed  at  ioo°,  and  weighed.  This  method  has  not  come  into 
ry  general  use,  however,  since  great  care  must  be  exercised  to 
event  loss  of  the  precipitate  during  washing.  Pemberton'  has 
ggested  a  volumetric  method  for  titrating  the  yellow  precipitate, 
lich  has  been  modified  by  Eilgore*  so  as  to  yield  fairly  satisfac- 
ry  results.  It  is  open  to  the  general  objections  of  all  volumetric 
;thods  of  analysis,  however.  Eilgore's  results  show  that 
thin  certain  limits  a  precipitate  of  constant  composition,  free 
im  molybdic  acid,  may  be  obtained.  The  new  method  is,  there- 
re,  applicable  to  this  precipitate.  Its  desirability  is  apparent, 
ice  it  will  avoid  the  danger  of  toss  of  the  material,  because  of 
i  slight  solubility  in  the  wash-water,  and  at  the  same  time  afford 
simple  gravimetric  method  for  determining  the  weight  of  the 
ecipitate. 

No  determinations  of  the  specific  gravity  of  this  yellow  pre- 
pitate  have  yet  been  published.  It  was  therefore  necessary  to 
curately  determine  this  factor  before  attempting  to  test  the  ap- 
icability  of  the  new  method  to  the  weighing  of  this  precipitate, 
wo  methods  of  procedure  were  adopted.     For  the  first  a  quantity 

the  yellow  precipitate,  which  had  been  accumulated  in  previous 
ork,  was  carefully  purified  by  repeated  washing  and  portions  of 

suspended  in  pure  water  properly  cooled  and  weighed  in  the 
Fcnometer  at  20°  as  usual.  After  weighing,  the  contents  of  the 
rcnometer  were  rinsed  into  a  white  dish,  dissolved  in  a  measured 
tcess  of  carefully  standardized  potassium  hydroxide  solution,  and 
le  excess  of  the  latter  titrated  back  with  standard  nitric  add  ao- 
irding  to  Kilgore's  method.  Prom  the  amount  of  potassium  by- 
roxide  required,  the  weight  of  the  ammonium  phosphomolybdate 

•  Am.J.  Sct\  .899.  PP-  187-198. 

>  But!.  Soc.  aim,,  Pari*.  189J,  343. 
•Thi«Jonrn«l,  If,  jSi;    1*,  278. 

*  Boll.  4^  DIvIbod  of  Cbcmlstiy.  U.  S.  I>ept.  Afr.,  p.  91. 
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present  in  the  mixture  was  calculated.  This  weight  and  the 
weight  of  the  mixture  in  the  pycnometer  afforded  the  data  neces- 
sary for  the  calculation  of  the  specific  gravity  of  the  precipitate. 
The  results  obtained  are  indicated  by  Nos.  i  to  4  inclusive  in  the 
table  below.  For  the  second  series  of  determinations  a  quantity 
of  puredisodium  phosphate  was  obtained  by  recrystallization,  and 
dried  between  filter-paper.  A  weighed  portion  of  this  was  dis- 
solved in  water,  and  aliquot  portions  of  this  solution  precipitated 
exactly  as  required  by  the  Kilgore  volumetric  method,  since  this 
has  been  shown  to  give  a  precipitate  free  from  molybdic  add. 
The  specific  gravity  of  these  precipitates  was  determined  by  the 
usual  method  without  separating  them  from  the  mother-liqaor. 
Four  determinations,  using  in  each  case  15  cc.  of  the  solutioit 
which  contained  0.01119  gram  of  disodium  phosphate  per  cubic 
centimeter,  were  made,  with  the  results  indicated  by  Nos.  5  toS 
inclusive  in  the  following  table  : 

Table  VII.— Specific  Gravity  of  Ammonium  Phosphomoi.ybdatb. 


Ammonium  phospho* 
molybdate  equiTalent. 
Grams. 


I 

2 

3 

4 

5 
6 

7 
8 


Calculated  spe- 
cific gravity. 

4.01 1 

4.079 
4.050 

4.074 

4.040 

4.055 
4.086 

4.032 


Average,  4.055 
For  the  purpose  of  testing  the  accuracy  of  the  new  method  of 
weighing  to  the  phosphoric  acid  precipitates,  seven  determina- 
tions of  the  percentage  of  phosphoric  acid  in  pure  disodium  phos- 
phate were  made.  Two  further  aliquot  portions  were  drawn  from 
the  solution  which  was  used  in  the  specific  gravity  determinatioii ; 
a  second  solution  was  made  up  and  three  aliquot  portions  of  this 
were  taken.  Finally  two  small  samples  of  the  material  were 
weighed  in  two  beakers  and  dissolved  in  water.  The  phosphoric 
acid  in  each  solution  was  precipitated  as  in  Kilgore* s  method, 
the  mixture  cooled,  and  the  indirect  weighing  of  the  precipitate 
completed  as  usual.  The  following  are  the  results  of  the  analyses, 
stated  in  the  same  order  as  mentioned  above. 


taken. 

mol,bd.te  found. 

oilde  equival 

Gnm. 

0.1679 

0.8796 

0.03330 

0.1679 

0.8747 

0.03309 

0.3144 

".6554 

o.o6as3 

0.3695 

1.4111 

0.05339 

0-3593 

1.8962 

0.07164 

o.ajjS 

r.»38 

0.04630 

0.3486 

1.3974 

0.04909 
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■  PhoaphoruaH 
"flde  fooiid 

19-83 
19.71 
19.89 
19.81 
19.94 
19.84 
19-74 
The  theoretical  percentage  is  19.8a 

All  calcuiatious  were  based  upoo  the  formula  i:MoO,.PO,.3N1 
r  the  yellow  precipitate.  Caraot  stated  that  the'  precipita 
hen  dried  at  100°  contains  water  of  crystallization  as  rept 
uted  by  the  formula  24MoO,.P,Os-3(NH.),0.3H,0.  Whether 
>t  this  be  correct,  no  error  is  produced  by  the  assumption  of  tl 
ore  commonly  accepted  formula  since  the  latter  was  used  in  a 
ilations  of  the  specific  gravity  also.  These  determinations  she 
lat  if  proper  care  in  manipulation  is  exercised,  this  simple  methi 
.  capable  of  yielding  very  accurate  results  with  this  precipita 
hich  has' heretofore  caused  analysts  so  much  trouble.  The  on 
stra  precaution  which  is  required  in  this  application  of  tl 
lethod  is  that  the  precipitate  must  always  be  thrown  down  und 
imilar  conditions,  since  otherwise  it  is  apt  to  be  cootaminati 
y  impurities. 

Spectyic  Gravily  of  Cuprous  Oxide.— ¥.  W.  Clarke  in  1 
■  Tables  of  Specific  Gravity'"  cites  the  following  results  of  det« 
linations  of  the  specific  gravity  of  this  precipitate :  6.052  ai 
■093;'  5-75«;'  5.750;'  5-746;'  5-300,  5.342,  and  5.375.' 

The  limitations  of  our  library  have  prevented  my  verificatii 
f  these  figures,  or  study  of  the  conditions  under  which  the  dett 
linations  were  made. 

The  cuprous  oxide  which  is  precipitated  from  boiling  Pehlinj 
olution  by  reducing  sugars  is  supposed  to  be  more  or  less  h 
Irated.  The  degree  of  this  hydration  probably  varies  with  t 
!oncentration  of  the  solution,  etc.     Moreover,  cuprous  oxide 

'  BnU.  of  the  U.  S.  GeoloBlal  Suney,  1836. 

■  Ucrapath:  Pkii.  Mag..  6^,^21. 

'  KantcD  :  SchwcigftTt  Journal,  t^.  394- 

*  tcnrftt  Bod  Duiiu* ;  BOttgei's  "  Tab.  Unten.  d.  Spei.  Gew." 

*  PUyfair  aad  Joule  :  Mim.  Clun.  Soc.,  J,  Bi. 

*  PeToz:/./ra*(.  t^tm.,  47,  S4. 
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quite  easily  oxidized  to  the  cupric  condition.  These  facts  make 
the  preparation  of  a  known  quantity  of  pure  cuprous  oxide  a  some- 
what difficult  task.  It  is  probable,  however,  that  within  the  ex- 
tremely narrow  limits  to  the  conditions  of  carrying  out  the  reduc- 
tion as  prescribed  by  the  methods  now  adopted  by  the  Official 
Agricultural  Chemists,  the  composition  of  the  precipitate  is  prac- 
tically invariable.  The  amount  of  precipitate  produced  varies 
with  the  time  during  which  the  sugar  solution  is  boiled  with  the 
Pehling  solution.  Since  it  is  almost  impossible  to  keep  this 
time  always  exactly  the  same,  the  use  of  a  known  amount  of  a 
reducing  sugar  in  order  to  obtain  a  known  amount  of  cuprous 
oxide  is  ncrt  sufficiently  accurate  for  the  purposes  of  this  work. 
It  was  determined  therefore  to  precipitate  several  quantities  of  the 
cuprous  oxide  according  to  the  official  method,  wash  them  thor- 
oughly, use  the  pure  material  thus  obtained  for  the  specific  gravity 
determination,  and  afterwards  dissolve  the  precipitate  and  deter- 
mine the  copper  therein  by  some  standard  method.  Five  such 
precipitates  were  prepared  and  their  specific  gravity  determiued, 
the  amount  of  copper  present  in  each  case  being  determined  by 
titration  with  standard  potassium  cyanide  solution.  The  follow- 
ing results  were  obtained  : 

Tabi«b  IX. — Spbcipic  Gravity  of  Cuprous  Oxide. 


Potaadum  cjranide 

solution  used. 

cc. 

^      Cuprous  oxide 
equivalent. 
Gram. 

Calculated  spe^ 
cific  granty. 

I 

85.6 

0.5040 

5.7000 

2 

76.3 

0.4532 

5.7336 

3 

81.7 

0.4853 

5.6788 

4 

77.3 

0.4591 

5-7«>58 

5 

84.6 

0.4476 

5.6852 

Average,    5.7007 

The  factor  5.7  was  therefore  assumed  as  representing  very 
nearly  the  specific  gravity  of  the  cuprous  oxide  as  precipitated 
under  the  conditions  required  by  AUihn's  method.'  Since  it  is 
not  necessary  that  the  exact  nature  of  the  precipitate  be  known, 
or  that  the  formula  assumed  to  represent  its  composition  be 
exactly  correct,  it  was  not  deemed  essential  that  any  allowance 
for  hydration  of  the  precipitate  be  made.  In  all  this  work,  there- 
fore, the  precipitate  was  considered  as  being  simply  cuprous 
oxide,  and  all  calculations  were  made  on  this  basis. 

1  Bull.  46,  rev.  ed.,  Division  of  Chemistry,  U.  S.  Dcpt.  of  Agr.,  p.  35. 
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yelerjninaliims  of  Invert  Sugar. — For  the  purpose  of  testing 
accuracy  of  this  method  as  applied  to  the  weighing  of  cuprous 
de  precipitated  by  invert  sugar,  a  standard  solution  of  the 
er  was  made  up,  as  follows :  A  quantity  of  pure  sucrose 
;k-candy)  was  pulverized  and  dried  in  the  oven.  2.5  grams  of 
i  material  were  dissolved  in  50  cc.  of  water  and  inverted  accord- 
to  the  method  of  Clerget.'  The  solution  was  cooled,  theexcess 
cid  carefully  neutralized  with  dilute  sodium  hydroxide  solution, 

the  volume  made  up  to  250  cc.  One  cc,  of  this  solution  con- 
led,  therefore,  the  equivalent  of  o.oi  gram  sucrose  or  0.010526 
m  invert  sugar.  Several  portions  of  this  solution  were  meas- 
d  out  from  a  burette  and  boiled  with  Fehling's  solution  as  pre- 
bed  by  Allihn's  method.  It  was  found  that  if  the  mixture 
e  allowed  to  stand  in  cold  water  until  cool  enough  to  weigh 
isual,  too  high  results  were  obtained  because  of  a  gradual  de- 
itiou  of  cuprous  oxide  during  the  cooling.  It  was  therefore 
ided  to  separate  the  precipitate  from  the  mother-liquor  as 
ckly  as  possible.     After  boiling  for  the  prescribed  two  minutes, 

mixture  was  poured  into  large  test-tubes  and  the  latter 
irled  in  the  centrifugal.  The  precipitate  settled  so  quickly  and 
completely  that  the  mother-liquor  could  be  drawn  off  within 
rty  seconds  from  the  completion  of  the  boiling.  The  precipi- 
^  were  then  washed  in  the  test-tubes  with  hot  water,  as  de- 
ibed  for  the  purification  of  the  silver  chloride  precipitate.  Two 
shings  were  always  sufficient  to  leave  no  trace  of  alkali  in  the 
sfa-mater.  The  pure  precipitate  was  then  washed  into  the 
mometer  with  pure  water,  properly  cooled,  and  the  weight 
ertained  as  usual.     The  following  results  were  obtained  : 


Table  X.- 

Dbtsrmination 

S  OF  INVERT  Sugar, 

g™"'. 

"Ti"?"" 

Invert  lusar                ^^ 

0.2150 

0.4016 

0.3148                      -0.2 

0..889 

0.393s 

0.1891                -fo.a 

0.2311 

0.43" 

0,231 1 

0.1896 

0-3581 

0.1890               —0.6 

0.1595 

0.3048 

0.1592               -0.3 

Since  in  this  case  the  liquid  portion  of  the  mixture  is  water  at 
nnstant  temperature,  the  only  variable  in  the  formula  for  calcu- 
ion  is  a,  the  weight  of  the  mixture.     Hence  the  calculation  can 

>  Bull.  4e,reT.cd.,  Division  of  ChcnlstT?,  U.  S.  Dept.  Agr.,  p.  39. 
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be  much  simplified  by  rearrangement  of  the  formula,  so  as  to  com- 
bine all  the  constants  of  the  operation  into  a  single  factor  as  fol- 
lows: 

Let  c  represent  the  weight  of  the  pycnometer  and  contents. 

Let  (f  represent  the  weight  of  the  pycnometer. 

Then 

a  =  c — ^ 
and  the  formula 

d{a  —  bd') 


x=^ 


d  —  W 


becomes 


j,{c—(f  —  bd')or 


(^_(^  +  ^)). 


d-d*^  ^        d—d' 

Now  since  AUihn's  table  for  the  dextrose  equivalent  of  the 
precipitate  is  expressed  in  terms  of  copper  instead  of  cuprous 
oxide,  these  results  of  the  weighing  must  be  divided  by  1.1258, 
the  factor  for  conversion  of  cuprous  oxide  into  its  copper  equiva- 
lent. This  is,  of  course,  another  constant  in  the  calculation  and 
may  be  introduced  in  the  formula,  which  would  then  become 

^(in  terms  of  copper)  =  /^_^xj  ^^-3 (^  — (^  +  *'^))- 

Now  the  only  variable  in  this  formula  is  r,  the  weight  of  the 
pycnometer  and  contents.  The  whole  expression  may  then  be 
simplified  as  shown  in  the  following  example  :  In  the  determina- 
tions made  above,  the  pycnometer  weighed  41.7454  grams;  its 
volume  was  99.456  cc.  The  specific  gravity  of  the  precipitate 
was  taken  as  5.7  and  of  water  at  20^  as  0.998213.  The  quantity 
{d  —  bd!)  then  became (4 1.7454  +  99-456  X  0.998213)  =  141.0237. 

The  fraction 

d 


became 


(rf— ^')i.i258 

57 


=  1.077. 


(5-7  — 0-998213)1.1258 

The  calculated  amount  of  copper  in  any  particular  case  was 
{c —  141.0237)  1.077.  Por  any  other  pycnometer.  the  value  of  ^ 
and  b  would  be  different,  but,  once  determined,  they  are  constaDt 
and  the  corresponding  factor  may  be  easily  calculated. 

The  whole  process  is,  hence,  extremely  simple  and  may  be 
carried  out  with   great  rapidity.      After   sufficient  practice  to 
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become  familiar  with  the  details  of  the  work,  a  detenDination  wa 
easily  completed  in  twenty  minutes.  While  it  is  probable  tha 
the  restilts  are  not  quite  so  accurate  as  those  obtained  by  the  elec 
trolytic  estimation  of  the  copper,  they  are  as  good  as  are  usuall; 
required  of  a  satisfactory  method,  and  are  subject  to  less  varia 
tions  than  may  easily  be  produced  by  slight  changes  in  the  condi 
tJons  under  which  the  reduction  of  the  Pehling  solution  is  cai 
ried  out,  which  would  affect  the  amount  of  cuprous  oxide  pre 
npitated  by  a  definite  amount  of  reducing  sugar.  The  method  i 
::apable  of  yielding  more  accurate  results  than  may  be  obtainei 
3y  the  common  volumetric  methods  for  the  estimation  of  copper 
IS  is  shown  below.  It  possesses  the  added  advantage  that  th 
mother-liquor  is  very  quickly  separated  from  the  precipitate,  thu 
liminishing  the  probability  of  the  deposition  of  additional  copper 
IS  may  happen  in  the  case  of  the  slower  process  of  filtration  b; 
the  other  methods. 

Determinations  of  Reducing  Sugars  in  Commercial  Glucose.  — Fo 
the  purpose  of  comparing  the  results  obtained  by  this  metho< 
with  those  obtained  by  the  volumetric  estimation  of  the  copper 
the  following  process  was  adopted.  2.25  grams  of  commercia 
gflucose  were  dissolved  in  water  and  the  volume  made  up  to  251 
X.  Aliquot  portions  of  this  solution  were  measured  from  1 
burette  and  the  cuprous  oxide  precipitated  as  required  b; 
A^llihn's  method.  The  weight  of  cuprous  oxide  obtained  wa 
aetermined  by  the  new  method  as  described  above  ;  -the  content 
of  the  pycnometer  were  then  dissolved  in  dilute  nitric  acid,  am 
the  copper  estimated  by  titration  with  standard  potassium  cyanid 
solution.     The  following  results  were  obtained  : 


tBI,H  XI. COUPARI5ON  OP 

■  Rbsults  01 

?  Nbw  Method  with  Cyanide 

Mbthod. 

B;  new  mettu 

xl. 

:  titntion. 

MdUdd         COfO 

UkCD.         fomid. 

«.           Gram, 

Dexirow 
equfnlcDt. 

DeilroM 

cmo 
found. 

Gram. 

Dextrose 

DexlroM 

»5-o        0.4078 

0.1I7S 

0.00870 

0.4078 

0.1175 

0.00870 

17-5        0.4476 

0.1407 

0.0087s 

0.4389 

0.2357 

0.00857 

»a.5       0.3733 

o.r969 

0.0087s 

0.3693 

o'953 

0.00868 

as-o       0.4089 

o.ai8i 

0.00873 

o.4iao 

o.ai99 

O.OOS79 

The  potassium  cyanide  titration  of  copper  has  been  in  use  ii 
this  laboratory  for  several  years.  The  end  reaction  is  somewha 
difficult  to  detect,  but  with  some  experience  in  its  use  and  prope 
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care  in  manipulation  it  has  been  found  to  give  the  most  satisfac- 
tory results  of  any  of  the  volumetric  methods  which  have  yet 
been  tried.  The  determinations  recorded  above  show  that  more 
concordant  results  may  be  obtained  by  the  new  method  of  weigh- 
ing the  precipitate  than  by  the  cyanide  method  of  volumetric 
estimation. 

DeterminaHon  of  Aluminum  as  Aluminum  Hydroxide. — An 
attempt  to  apply  this  method  of  weighing  to  the  aluminum  hy- 
droxide precipitate  was  made.  The  preliminary  determinations  of 
the  specific  gravity  of  the  precipitate  showed  that  the  composi- 
tion of  the  latter  is  not  constant  but  varies  with  the  time  which 
elapses  between  the  precipitation  and  the  subsequent  weighing  of 
the  precipitate.  Considerable  data  bearing  upon  the  rate  of  this 
change  in  composition  has  been  accumulated  and  will  be  published 
at  some  later  time.  The  work  has  proceeded  far  enough  to  show 
that  it  is  probable  that  this  method  may  be  applied  to  the  weigh- 
ing of  the  aluminum  hydroxide  precipitate  if  proper  conditions 
as  to  time,  temperature,  etc.,  are  observed.  Just  what  the  most 
favorable  conditions  are,  however,  is  not  yet  definitely  determined. 

CONClrUSIONS. 

The  work  of  investigating  the  applicability  of  this  new  method 
to  the  practices  of  technical  analysis,  is  by  no  means  complete. 
In  fact,  it  is  but  just  begun.  Yet  the  results  already  obtained, 
which  are  embodied  in  this  paper,  seem  sufficient  to  justify  the 
belief  that  its  application  to  the  processes  of  gravimetric  analysis 
will  be  a  decided  advance  toward  the  much  desired  simplicity  and 
ease  of  manipulation.  They  show  that  the  use  of  this  process 
greatly  reduces  the  time  required  for  a  determination  and  at  the 
same  time  yields  very  satisfactory  results.  A  comparison  of  this 
method  with  the  older  ones  when  applied  to  the  analysis  of  impure 
or  mixed  materials  is  yet  to  be  made,  but  since  many  of  the  pre- 
cipitates already  experimented  upon  were  weighed  in  the  presence 
of  solutions  containing  several  other  compounds,  it  is  thought 
that  the  working  conditions  of  these  determinations  very  closely 
approximate  those  of  ordinary  analyses.  The  results  already 
obtained,  therefore,  lead  to  the  conclusion  that  the  proposed 
method  is  a  step  toward  the  realization  of  the  conditions  of  an 
ideal  method  of  analysis,  namely,  accuracy  and  rapidity. 

Unxvrrsity  op  Nebraska,  Lincoln,  Nebraska, 

June  i8,  1901. 
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No.  60.] 

IE  ELECTROLYTIC  DETERMINATION  OP  nOLYBDENUM. 

By  LiLV  Gavit  Kolloce  and  Bdoar  F.  Suith. 

4  ORE  than  twenty  years  ago  Smith,'  in  describing  his  ex- 
perience in  the  electrolysis  of  solutions  of  ammonium  mo- 
bdate,  wrote:  "The  deposition,  although  complete,  was  so  very 
»w  that  this  method  of  determination  was  practically  of  little 
lue. ' '  During  the  last  few  months  attention  has  again  been 
I'en  in  this  laboratory  to  the  subject.  Sodium  molybdate 
Ta,MoO,.2H,0)  was  dissolved  so  that  0,1302  gram  of  molybde- 
im  trioxide  was  present  in  125  cc.  of  solution,  which  was  ex- 
sed  for  several  hours  to  the  action  of  a  current  of  o.  r  ampere 
id  4  volts.  The  temperature  of  the  electrolyte  was  75°  C.  No 
ecipitation  occurred  upon  either  electrode.  Upon  adding  two 
ops  of  concentrated  sulphuric  acid  to  the  liquid,  it  at  once  as- 
med  a  dark  blue  color.  As  the  current  continued  to  act,  this 
lor  disappeared  and  the  cathode  was  coated  with  a  black  de- 
isit — the  hydrated  sesquioxide.'  On  removing  the  colorless 
luid  and  testing  it  with  ammonium  thiocyanide,  zinc,  and  fay- 
ochloric  acid,  evidences  of  the  presence  of  molybdenum  failed 
appear.  In  the  following  experiments  the  molybdenum  de- 
tsit  was  a  brilliant  black  in  color  and  so  adherent  that  it  could  be 
ashed  without  detaching  any  particles.  Usually  the  colorless 
luid  was  removed  with  a  siphon,  cold  water  being  introduced 
ithout  interrupting  the  current.  The  deposit  was  not  dried, 
it  while  yet  moist  it  was  dissolved  from  off  the  dish  in  dilute 
trie  actd  and  the  solution  carefully  evaporated  to  dryness,  the 
sidue  being  heated  upon  an  iron  plate  to  expel  the  final  traces 
'  acid.  White  molybdic  add  remained.  It  was  noticed  several 
mes  that  blue  spots  existed  here  and  there  in  the  mass,  but 
lese  were  removed  by  moistening  the  residue  with  nitric  acid 
id  evaporating  a  second  time  to  dryness.  This  procedure  was 
iopted  in  all  the  trials  given  below.  Concordant  results  could 
ot  be  obtained  by  merely  drying  the  hydrate  at  a  definite  tem- 
erature.  The  same  was  true  also  on  attempting  to  ignite  the 
ydrate  to  trioxide.  Loss  then  occurred  from  sublimation  and 
olatilization. 
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The  method  is  accurate,  is  easy  of  execution,  and,  as  will  be 
observed,  requires  comparatively  little  time.  There  seems  to  be 
no  apparent  reason  why  it  should  not  replace  some  of  the  older 
and  less  reliable  methods  pursued  in  the  determination  of  this 
clement. 

One  of  the  first  directions  in  which  it  seemed  that  the  method 
could  be  made  useful,  was  in  the  determination  of  the  molybde- 
num content  of  the  mineral  molybdenite.  By  fusing  the  latter 
with  a  mixture  of  pure  alkaline  carbonate  and  nitrate,  sodium 
molybdate  and  sulphate  would  be  formed.  If  the  sulphur  was 
not  to  be  determined,  after  dissolving  out  the  fusion  with  water, 
and  filtering  out  the  insoluble  oxides,  it  would  only  be  necessary 
to  acidulate  the  alkaline  liquid  with  dilute  sulphuric  acid  and  pro- 
ceed with  the  electrolysis  ;  but  in  cases  where  an  estimation  of 
the  sulphur  was  desired,  it  was  thought  that  acetic  acid  wonld 
answer  for  the  purpose  of  acidulation.  To  ascertain  the  latter 
fact  the  experiments  given  below  were  instituted.  The  solution, 
acidified  with  this  acid,  did  not  acquire  a  blue  color  on  passing 
the  current  through  it.  The  deposit  of  hydrated  oxide  was  very 
adherent  and  was  readily  washed.  It  will,  however,  be  noticed 
that  a  longer  time  is  necessary  for  the  complete  precipitation.  It 
is  also  advisable  not  to  add  the  entire  volume  of  acetic  add  at 
first,  but  to  introduce  it  gradually  from  time  to  time,  from  a 
burette. 
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In  the  last  experiment,  5  grams  of  sodium  acetate  were  added 
in  order  to  increase  the  conductivity  of  the  solution  and  also  to 
ascertain  what  effect  an  excess  of  this  salt  would  have,  because, 
if  the  acetic  add  were  used  to  acidify  the  alkaline  solution  ob- 
tained by  the  decomposition  of  molybdenite,  a  great  deal  of  this 
salt  wonld  be  present.  The  concordant  results  justified  the  next 
step,  which  was  to  decompose  weighed  amounts  of  pulverized  mo- 
lybdenite with  sodium  carbonate  and  nitrate,  then  take  up  the 
fusion  with  water,  filter  out  the  insoluble  oxides,  acidify  with 
acetic  acid,  boil  off  the  carbon  dioxide,  and  electrolyze.  The 
liquid  poured  off  from  the  deposit  of  the  sesquihydroxide  was 
heated  to  boiling  and  precipitated  with  a  hot  solution  of  banum 

chloride. 

Results  Obtained  prom  Molybdenite. 

Molybdenum  Sulphur 

Molybdenite  in  found  in  found  in 

grams.  per  cent.  per  cent. 

1  0.2869  57.37  38.28 

2  0.1005  57.15  38.33 

3  0.1388  56.83  37.87 

MOI,YBDENUM-SUI.PHUR  RATIO. 

(i) I  :  2.004 

(2) I  :  2.012 

(3) I  :i.998 

From  several  experiments,  which  will  not  be  recorded  here, 
there  is  a  possibility  of  separating  molybdenum  electrolytically 
from  tungsten,  the  latter,  of  course,  being  present  as  an  alkaline 
tungstate.  Further  work,  however,  will  be  necessary  to  fully 
establish  this  hope. 

The  experience  detailed  above  proves  conclusively  that  molyb- 
denum must  also  be  included  in  the  list  of  metals  which  can  be 
determined  with  the  aid  of  the  current  and  the  analysis  of  molyb- 
denite, as  outlined,  is  vastly  better  than  the  usual  procedures. 

UKIVB&8XTY  OP  Prnnsylvania. 


A  COMPARISON    OF   THE   SOLUBILITY  OF   ACETYLENE 

AND  ETHYLENE. 

By  Samuel  Auchmuty  Tuckbr  and  Hbrbekt  R.  Moody. 

Received  June  i9«  1901. 

0  satisfactory  or  convenient  method  for  the  separation  of 
acetylene  and  ethylene  has  yet  been  devised.     The  two 
gases  exhibit  such  a  similarity  in  their  solubility  that  very  few 
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reagents  are  known  which  will  make  a  quantitative  separation. 
The  necessity  for  this  separation  arose  while  the  authors  were 
preparing  ethylene  which  was  generated  simultaneously  with 
acetylene  from  certain  products  produced  in  the  electric  furnace. 

The  reagents  known  to  be  good  solvents  for  acetylene  are  water, 
ammoniacal  or  acid  cuprous  chloride,  ammoniacal  silver  chloride 
or  the  nitrate,  acetone,  and  alcohol ;  and  those  commonly  men- 
tioned as  dissolving  ethylene  are  bromine  and  sulphuric  acid. 

Wherever  any  mention  is  made  of  a  separation  of  acetylene  and 
ethylene  it  is  generally  taken  for  granted  that  the  latter  gas  is 
completely  insoluble  in  ammoniacal  cuprous  chloride,  and  the 
analysis  is  based  upon  this  false  assumption,  Hempel  being  the 
one  authority  who  takes  a  difFerent  view.  The  method  suggested 
by  him  for  the  determination  of  acetylene  although  accurate  was 
found  undesirable  owing  to  the  length  of  time  it  takes  for  the 
analysis.  This  method  is  not  recommended  by  the  author  for 
the- separation  of  the  two  gases  but  merely  as  a  means  of  deter- 
mining acetylene.  However,  owing  to  the  fact  (stated  later) 
that  ethylene  dissolves  in  cuprous  chloride  to  form  a  soluble  com- 
pound, this  method  is  applicable  to  the  separation  of  the  two  gases. 

The  method  as  used  by  us  was  carried  out  as  follows :  The 
cuprous  chloride  was  contained  in  a  train  of  five  5-inch  U-tubes 
containing  about  20  cc.  each  of  the  absorbent.  To  prevent  the 
mechanical  lifting  of  the  precipitate  into  the  connecting  tubes,  it 
was  found  desirable  to  use  U-tubes  with  bulbs  blown  on  each  limb. 

The  mixed  gases  were  collected  over  mercury  in  a  pair  of  or- 
dinary Hempel  burettes,  and  from  these  delivered  very  slowly 
through  the  train  of  tubes.  After  all  the  gas  was  delivered  from 
the  burette,  a  T  opening  into  the  deliver^'  tube  was  used  for  the 
introduction  of  nitrogen  or  hydrogen  gas  which  acted  as  a  sweep. 

The  red  precipitate  which  was  found  in  the  tubes  corresponds 
to  (Cu,C,H),0.  This  was  removed  from  the  tubes,  collected  on 
a  filter,  washed  to  remove  soluble  copper  compounds,  dissolved 
in  hydrochloric  acid,  converted  to  sulphate,  and  the  copper  depos- 
ited electrolytically.  The  quantity  of  acetylene  in  the  original 
gas  is  easily  calculated  from  this  weight  of  copper.  This  method 
was  tried  repeatedly  with  good  results,  the  only  source  of  error 
being  the  possibility  of  loss  through  too  rapid  passage  of  the  gas, 
and  the  only  objection  the  amount  of  time  consumed.  In  fact  it 
is  out  of  the  question  to  make  a  rapid  separation  of  the  gases  by 
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this  method.     Consequently  an  attempt  was  made  to  find  a  rea-  [ 

gent  which  would  absorb  the  acetylene  and  leave  the  ethylene  1 

undissolved.  | 

The  solvent  action  on  ethylene  of  known  absorbents  of  acety-  i 

lene  was  first  determined.     The  usual  solvent  recommended  for  j 

acetylene  is  ammoniacal  cuprous  chloride.     This  solution  is  made  | 

up  of  42  grams  cupric  chloride,  32  grams  copper  turnings,  100  cc. 
hot  water,  and  200  cc.  commercial  hydrochloric  acid.  The  mix- 
ture  is  boiled  for  two  or  three  hours  and  then  a  little  concentrated  ' 

hydrochloric  acid  added,  and  the  whole  boiled  until  it  is  pale  yel- 
low. This  was  cooled  and  an  excess  of  ammonium  hydroxide 
added.  Such  a  solution  was  found  to  absorb  acetylene  rapidly 
and  completely  according  to  the  following  reaction  :' 

2Cu,Cl,  +  2C,H,  +  H,0  =  (Cu,C,H),0  -+-  4HCI. 

The  next  step  was  to  investigate  the  solubility  of  known  ethy- 
lene, this  gas  being  generated  by  the  action  of  metallic  zinc  on 
ethylene  dibromide.  Ethylene  is  so  little  soluble  in  water  that 
there  was  no  trouble  to  apprehend  from  such  a  small  amount 
being  absorbed.  This  was  found  by  actual  trial,  and  also  the 
solubility  in  ammonium  hydroxide.  Here  again  a  very  slight 
solubility  was  noticed.  Considering  these  two  facts  and  that 
ethylene  is  not  usually  considered  to  be  soluble  in  cuprous  chlo- 
ride, it  seemed  surprising,  when  either  ammoniacal  or  add  cu- 
prous chloride  was  added  to  a  sample  of  ethylene  to  find  that  fully 
95  per  cent,  of  the  gas  was  absorbed. 

The  foregoing  is  apparently  not  taken  into  account  by  Moissan 
whose  results,  according  to  the  method  of  procedure  given  on  pages 
313  and  320  of  **  Le  Four  ifelectrique,**  can  hardly  be  right.  To 
be  sure,  the  method  is  only  spoken  of  in  a  vague  way,  but  as 
stated  in  the  reference  given,  it  is  natural  to  suppose  that  ethy- 
lene was  considered  as  insoluble  in  the  copper  salt.  If  this  were 
the  fact,  a  large  portion  of  the  ethylene  evolved  from  his  thorium 
carbide  must  have  been  absorbed  with  the  acetylene  and  counted 
with  the  latter. 

Thinking  that  a  mixture  of  ethylene  and  acetylene  might  act 
differently  from  either  taken  alone,  equal  volumes  of  the  two 
gases  were  mixed  and  nearly  the  total  volume  was  found  to  be 
absorbed  by  the  copper  solution.  Other  good  solvents  for  acety- 
lene are  aldohol  (i  volume  of  alcohol  dissolves  6  volumes  acety- 

^  Hempers  "  Gas  Analysis,"  p.  183. 
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lene)  and  acetone  (i  volume  of  acetone  dissolves  25  .volumes 
acetylene).  To  investigate  the  possibilities  of  using  either  of 
these  to  absorb  the  acetylene  and  leave  the  ethylene  the  solubilitj 
of  the  latter  gas  was  tried.  Thirty  cc.  of  pure  ethylene  were 
found  to  be  all  absorbed  by  acetone.  Similarly  when  100  cc.  of 
ethylene  were  treated  with  an  excess  of  95  per  cent,  ethyl  alco- 
hol, a  residue  of  less  than  10  cc.  was  left,  showing  that  both  re- 
agents were  worthless  for  the  purpose. 

Since  Nordhausen  add  is  such  a  good  absorbent  for  ethylene, 
it  seemed  possible  that  it  might  first  remove  the  ethylene  and 
leave  the  acetylene.  To  determine  this  56  cc.  of  known  pure 
acetylene  were  passed  several  times  into  a  Hempel  pipette  filled 
with  the  acid,  and  after  two  passages,  over  60  per  cent,  of  the 
acetylene  was  absorbed,  showing  that  the  reagent  also  failed  in 
the  required  purpose.  Finally  the  action  of  ammoniacal  silver 
was  investigated  with  the  following  results  :  The  solution  was 
made  up  by  dissolving  10  grams  silver  nitrate  in  500  cc.  of  water, 
making  the  solution  barely  acid  with  hydrochloric  acid  and  then 
slightly  ammoniacal.  The  clear  solution  thus  obtained  proved  to 
be  an  excellent  solvent  for  acetylene  although  it  is  slower  in  its 
action  than  ammoniacal  cuprous  chloride.  The  compound  formed 
by  its  action  is,  according  to  Lewes,^  AgjC,  and  not  Cfi^gfi  as 
stated  by  other  authorities. 

It  now  remained  to  try  its  action  upon  ethylene.  When  26  cc. 
of  known  ethylene  were  treated  with  an  excess  of  ammoniacal 
silver  chloride,  only  0.2  cc.  were  absorbed,  and  repeated  trials 
gave  the  same  result ;  so  that,  although  there  is  not  absolnte 
insolubility  of  ethylene,  the  method  was  admirable  for  its  quick- 
ness and,  of  course,  infinitely  more  accurate  than  the  use  of  am- 
moniacal cuprous  chloride. 

Lastly  the  effect  of  the  reagent  upon  known  mixtures  of  pure 
acetylene  and  ethylene  was  tried.  29.2  cc.  of  ethylene  and  37.3 
cc.  of  acetylene  were  taken,  and  treated  with  the  silver  solution. 
The  residue  left  corresponded  closely  with  the  volume  of  ethylene 
taken,  thus  showing  conclusively  that  a  mixture  of  the  two  gases 
may  readily  be  separated  by  this  method.  Fractional  percentages 
of  ethylene  might  be  lost  and  for  such  small  amounts  there  seems 
nothing  better  than  recourse  to  the  gravimetric  determination  of 
the  copper  corresponding  to  the  acetylene  present,  but  this  is  not 
necessary  for  ordinary  work. 

*  IvCwes'  "  Acetylene,"  p.  154. 


THE  DETERHINATION  OF  SULPHUR  IN  IRON  AND  STEEL. 

By  Wn.LIAM  A.  NOYES  AND  X,.  I<BSLIE  HSI^MBR.^ 

Received  July  s,  190Z. 

ALTHOUGH  very  many  methods  for  the  determination  of 
sulphur  in  iron  have  been  proposed,*  none  of  those  in  com- 
mon use  is  altogether  satisfactory.  None  of  the  evolution 
methods  will  give  correct  results  with  some  irons,  unless  the 
evolved  gases  are  led  through  a  heated  tube  to  convert  organic 
compounds  of  sulphur  into  hydrogen  sulphide.'  The  aqua 
regia  method  sometimes  leaves  sulphur  in  the  residue^  and  the 
precipitation  of  barium  sulphate  in  the  presence  of  iron,  which  it 
usually  involves,  is  always  objectionable.  The  method  which 
we  propose  obviates  at  least  a  part  of  these  difficulties. 

SOLUTION. 

We  tried  at  first  various  methods  of  solution,  including  solution 
in  concentrated  nitric  acid  and  hydrochloric  acid,  as  given  by 
Blair  in  his  * 'Chemical  Analysis  of  Iron,*'  in  concentrated 
nitric  acid  with  a  little  potassium  chlorate  toward  the  end  of  the 
solution ;  in  hydrochloric  acid  and  potassium  chlorate ;  in  bro- 
mine and  water  ;  and  in  dilute  nitric  acid  with  a  little  potassium 
bromide  and  an  excess  of  potassium  chlorate.  The  last  two 
methods  were  finally  adopted  as  the  most  satisfactory. 

Solution  in  Bromine  and  Water. — The  bromine  must,  of  course, 
be  free  from  sulphur.  Ours  was  purified  by  mixing  with  a  little 
dry  sodium  carbonate  and  distilling  from  a  plain  retort.  Put 
200  cc.  of  water  and  8  cc.  of  bromine  in  a  flask  and  add  5  grams 
of  the  iron  or  steel  in  portions,  cooling  after  each  addition.  Solu- 
tion takes  place  readily.  When  it  is  complete,  boil  for  a  moment 
to  expel  the  slight  excess  of  bromine.  Filter,  wash  the  residue, 
add  to  it  some  sodium  carbonate  and  burn  the  filter  in  a  platinum 
crucible,  using  an  alcohol  lamp,  and  completing  the  oxidation  by 
the  addition  of  some  potassium  nitrate.  Dissolve  the  residue  in 
water,  filter,  acidify  with  hydrochloric  acid,  add  5  cc.  of  barium 
chloride  solution,  digest  till  the  precipitate  settles  readily  and 

1  The  work  here  described  formed  the  basis  of  a  thesis  for  the  degree  of  Bachelor  of 
Science  at  the  Rose  Polytechnic  Institute.  The  preliminary  work  on  the  subject  was  done 
by  Mr.  Herbert  P.  Madison,  of  the  class  of  1900. 

*  See  Bibliography  by  Brearley  in  Chem.  News,  8a,  281  (1900). 

*  Pbillipa:  This  Journal,  17,  891. 

*  Blair :  This  Journal,  19,  XX4. 
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determine  as  usuacl.^  Add  three-Jifths  of  the  weight  of  barittm 
sulphate  found  here  to  that  obtained  from  the  main  solution. 
The  main  solution,  containing  ferric  bromide,  is  to  be  predpi* 
tated  as  described  below. 

More  sulphur  is  usually  found  in  the  residue  by  this  process 
than  by  the  solution  in  nitric  acid  and  potassium  chlorate,  bat  it 
has  the  advantage  that  the  solution  can  be  filtered  at  once,  while 
the  solution  in  nitric  acid  clogs  a  filter  so  badly  that  evaporation 
to  dryness  is  required. 

2.  Solution  in  Nitric  Acid,  Potassium  Bromide  and  PotassxnM 
Chlorate, — Put  into  a  flask  120  cc.  of  dilute  nitric  acid  (sp.  gr. 
1 .20,  or  1 :  2  by  volume)  and  i  gram  of  potassium  bromide.  Add  in 
portions,  5  grams  of  the  iron  mixed  with  7  grams  of  potassium 
chlorate,  cooling  somewhat,  if  necessary.  When  the  iron  is  dis- 
solved, transfer  to  a  flat  porcelain  dish  and  evaporate  to  dryness 
in  such  a  manner  that  contact  with  the  products  of  combustion  of 
the  gas  is  avoided.  Dissolve  the  residue  in  concentrated  hydro- 
chloric acid,  dilute,  filter,  and  treat  the  residue  as  before,  and  the 
filtrate  as  directed  below. 

PRECIPITATION. 

Put  into  a  500  cc.  graduated  flask  130  cc.  of  ammonia  (10  per 
cent.),  and  add  the  solution  obtained  by  either  method  above. 
Make  the  volume  up  to  500  cc.,  mix  thoroughly  by  pouring  back 
and  forth  into  a  dry  beaker,  and  filter  through  a  dry  filter.  The 
filtrate  must,  of  course,  be  strongly  alkaline.  Take  300  cc.  of 
the  filtrate  and  evaporate,  in  a  wide  beaker,  to  100  cc.  During 
this  evaporation  contact  with  the  products  of  combustion  of  il- 
luminating gas  must  be  avoided.  We  have  used  for  the  purpose 
a  piece  of  stove-pipe  flattened  on  one  side  and  connected  at  one 
end  with  an  elbow  and  upright  piece  to  carry  away  the  products 
of  combustion.  The  hot  steam  plate  of  most  iron  and  steel 
laboratories  would  be  admirably  adapted  to  this  purpose.  Add 
one  drop  of  dilute  hydrochloric  acid  (sp.  g^.  1.12)  and  10  cc, 
of  barium  chloride,  digest  hot  till  the  precipitate  settles  quickly 
after  stirring;  filter,  ignite  and  weigh  as  usual.  The  precipitate 
represents  the  amount  of  sulphur  in  3  grams  of  the  iron  or  steel. 

To  test  the  accuracy  of  the  precipitation,  seven  determinations 

1  Dr.  C.  B.  Dudley,  who  has  kindly  done  some  work  with  the  bromine  method,  is  of 
the  opinion  that  the  barium  sulphate  obtained  from  the  residoe  requires  purificatioB  bjr 
fusion  with  sodium  carbonate,  and  it  seems  that  this  point  requires  further  study. 
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were  made  with  solutions  containing  known  amounts  of  sulphur. 
For  the  first  three  a  low  sulphur  steel  was  dissolved  in  hydro- 
chloric add,  the  solution  boiled,  filtered,  and  oxidized  to  ferric 
iron  with  bromine.  Two  blanks,  made  with  quantities  of  this 
solution  representing  5  grams  of  iron,  gave  respectively  o.oooi 
and  0.0004  gram  barium  sulphate. 

The  fourth  and  fifth  determinations  were  made  with  a  solution 
obtained  by  dissolving  5  grams  of  steel  No.  i  in  water  and  bro- 
mine. The  mean  value  for  the  sulphur  in  this  steel,  neglecting 
the  residue,  had  been  found  to  be  0.027  per  cent.  The  sixth  and 
seventh  determinations  were  made  with  5  grams  of  iron  No.  i, 
which  contains,  apart  from  the  residue,  o.095percent.  of  sulphur. 
The  extra  sulphur  for  these  experiments  was  added  in  the  form 
of  ferrous  ammonium  sulphate.  The  results  are  stated  as  per- 
centages of  the  iron  used,  and  indicate  the  accuracy  to  be 
expected  in  actual  work,  so  far  as  this  depends  on  the  method  of 
precipitation  used. 

Sulphur       Sulphur 
Sample.  present  found. 

Sulphur-free  iron  +  Pc  ( NH4 ),  ( SO4 ) , 0.0056  0.0050 

Sulphur-free  iron  -f-  Fe(  NH4 ), ( SO4 ), o.oi 2  o.oi  i 

Sulphur-free  iron  -}-  Fe(  NH4 ),( SO4 ), 0.016  0.016 

Steel  No.  i  -f  Pe(NH4),(S04), 0.129  0.129 

Steel  No.  i  4-Fe(NH4),(S04), 0.234  0.21 1 

Iron  No.  I -f  Fc(NH4),(S04), 0.490  0.500 

Iron  No.  i  +  Fe(NH4),(S04), 0.689  0.679 

The  advantages  of  this  method  of  precipitation  are  that  the  pre- 
cipitation is  made  with  a  solution  free  from  iron,  and  that  by  the 
evaporation  of  the  ammoniacal  solution  it  becomes  neutral,  and  by 
the  addition  of  one  drop  of  dilute  hydrochloric  acid  a  constant 
degree  of  acidity  is  secured.  The  results  indicate  that,  even  with 
very  small  amounts  of  sulphur,  an  accurate  precipitation  is  secured 
in  the  presence  of  ammonium  chloride  or  bromide. 

To  secure  a  uniform  sample  for  use  in  testing  the  method,  a 
considerable  quantity  of  cast-iron  drillings  were  ground  to  a  fine 
powder  in  a  heavy  iron  mill.  Samples  Nos.  i  and  2  were  prepared 
in  this  way.  Samples  Nos.  3,  4,  and  5  were  ordinary  drillings 
of  iron  used  in  making  car  wheels.  Nos.  6  and  7  were  samples 
of  steel. 

Determinations  were  made  with  sample  No.  i  by  Blair's  gravi- 
metric evolution  method,  using  an  alkaline  solution  of  lead  to 
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absorb  the  hydrogen  sulphide  evolved ;  and  by  Blair's  aqua 
regia  method,  precipitating  the  sulphuric  acid  in  the  presence  of 
the  iron.  As  will  be  seen  below,  the  evolution  method  gives  less 
than  one-half  of  the  sulphur  actually  present  in  this  iron. 
Whether  the  irregular  and  low  results  obtained  by  the  aqua 
reg^a  method  are  due  to  a  failure  to  secure  a  complete  oxidation 
of  the  sulphur  during  solution,  or  to  imperfect  precipitation  of 
barium  sulphate  in  the  add  iron  solution,  can  not  be  known  with 
certainty,  but  the  results  of  the  aqua  regia  method,  combined 
with  our  method  of  precipitation,  point  rather  to  the  first  explana- 
tion as  the  true  one.  The  following  are  the  results  with  iron 
No.  I  : 


Evolution  method, 
Blair. 

Aqua  regia  method, 
BUir. 

0.044 
0.049 

0.084 
0.080 

■                            » 

0.077 
0.068 

0.044 

0.088 

0.058 

0.042 

•  *  •  • 

•  •  •  • 

The  following  determinations  were  made  with  different  meth- 
ods of  solution  followed  by  precipitation  of  the  iron  with 
ammonia  and  determination  of  the  sulphuric  add  in  an  aliquot 
part  of  the  filtrate. 


Sample. 

100  cc.  HsO, 

35CC.HCl(z.i3), 

7  grams  KC10«. 

Con.  HNOs 

with  Uttle 

con.  HCl, 

Blair. 

40  cc.  con.  HNOg 
with  !/•  gram 

xooccHNOs 
ygramsKClOs. 

300CC.  HfO» 

8  cc.  Br. 

Iron  No.  i. 

0.105 

0.059 

0.094 

0.075 

0.097 

Iron  No.  i. 

0.041 

0.074 

0.097 

0.084 

0.095 

Iron  No.  i. 

0.079 

0.098 

0.089 

0.088 

0.095 

Iron  No.  i. 

0.077 

0.031 

0.087 

•  •  •  • 

•  •  •  • 

Iron  No.  i. 

0.054 

■  •  •  • 

0.090 

•  •  •  • 

•  •  ■  • 

The  results  indicate  that  the  use  of  concentrated  nitric  add 
with  the  addition  of  a  little  potassium  chlorate,  when  solution  is 
nearly  complete,  or  the  use  of  bromine  and  water,  give  the  most 
concordant  and,  probably,  the  most  accurate  results.  The  first 
of  these  methods  is  accompanied  by  the  evolution  of  large 
volumes  of  nitrogen  peroxide  and  requires  considerable  time. 
Solution  in  dilute  nitric  add  (sp.  gr.  1.20)  with  potassium  bromide 
and  7  grams  of  potassium  chlorate  is  more  rapid  and  gives  satis- 
factory results. 

In  the  following  determinations  the  methods  which  have  been 
described  in  detail  were  used.  When  the  total  sulphur  is  not 
given  the  solution  was  poured  into  the  ammonia  without  previous 
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filtration.  Where  the  total  sulphur  is  given,  the  solution  in  bro- 
mine was  filtered  and  the  sulphur  in  the  residue  determined, 
while  the  solution  in  nitric  acid  was  evaporated  to  dryness,  the 
residue  dissolved  in  concentrated  hydrochloric  acid,  diluted, 
filtered,  and  the  stdphur  in  the  residue  determined. 


Sample. 

aoocc 
8cc. 

H,0, 
Br. 

laocc.  HNOs  (x.ao), 
I  gram  KBr. 
7  ^rams  KClOs. 

Soluble 
sulphur. 

Total 
sulphur. 

Soluble 
sulphur. 

ToUl 
sulphur. 

Iron  No.  i. 

0.097 

•  •  ■  • 

0.084 

a  a  a  a 

Iron  No.  i. 

0.095 

•  a  .  • 

0.088 

a  a  a  a 

Iron  No.  i. 

0.095 

•   •  . 

0.091 

a  a  a  a 

Iron  No.  i. 

0.085 

0.106 

0.088 

a  a  a  a 

Iron  No.  i. 

0.093 

O.I  17 

0.093 

0.120 

Iron  No.  i. 

.... 

.... 

0.083 

0.106 

Iron  No.  i. 

• . . . 

•  •  ■  • 

0.099 

O.I  16 

Iron  No.  i. 

.... 

•  .  .  • 

0.095 

0.107 

Iron  No.  2. 

0.068 

0.091 

0.088 

0.099 

Iron  No.  2. 

0.070 

0.092 

0.086 

0.095 

Iron  No.  3. 

0.129 

0.155 

0.157 

0.159 

Iron  No.  3. 

0.129 

0.148 

0.155 

0.159 

Iron  No.  4. 

O.I  13 

0.144 

0.142 

0.149 

Iron  No.  4. 

O.IIO 

0.147 

O.141 

0.149 

Iron  No.  5. 

0.075 

0.095 

0.083 

0.095 

Iron  No.  5. 

0.077 

0.094 

0.079 

0.089 

Steel  No.  6. 

0.026 

•  a  .  • 

a  a  a  a 

8  a  a  a 

Steel  No.  6. 

0.027 

.  a  a  • 

a  a  a  a 

»  t  a  • 

Steel  No.  6. 

0.026 

a  a  a  a 

m  »  »  » 

a  a  a  • 

Steel  No.  6. 

0.029 

a  a  a  a 

a  a  a  a 

a  a  a  a 

Steel  No.  7. 

0.018 

0.029 

0.019 

0.022 

Steel  No.  7. 

0.017 

0.025 

0.014 

0.025 

The  sulphur  of  the  residue,  after  solution  in  bromine  and 
-water,  varies  from  0.015  to  0.037  P^r  cent,  with  an  average  of 
0.023.  The  sulphur  in  the  residue  after  solution  in  nitric  acid, 
potassium  bromide,  and  potassium  chlorate,  and  evaporation, 
i^aries  from  0.002  to  0.027  P^^  cent,  with  an  average  of  0.012. 
With  iron  of  a  given  character,  the  sulphur  in  the  residue  will 
probably  be  found  nearly  uniform,  so  that  the  original  solution 
can  be  precipitated  at  once  with  ammonia,  without  previous  filtra- 
tion, and  a  constant  correction  for  the  sulphur  of  the  residue  ap- 
plied. When  this  is  done,  the  method  becomes,  we  think,  more 
rapid  than  any  gravimetric  method  now  in  use. 

TSSJIB  Hautb, 
June  aB,  1901. 


THE  SULPHOHALIDES  OF  LEAD. 

IiY  Victor  i^bnrbr. 

Receired  Jane  19,  1901. 

WHEN  hydrogen  sulphide  is  allowed  to  come  in  contact 
with  a  solution  of  lead  chloride  in  hydrochloric  add,  a 
brick-red  precipitate  appears.  This  precipitate  consists  of  a 
combination  of  lead  sulphide  with  the  chloride.  Htinefeld'  pre- 
pared and  studied  this  red  substance  and  ascribed  to  it  the 
formula  3PbS.2PbCl,.  He  treated  a  dilute  lead  acetate  solution 
with  hydrochloric  acid  and  added  hydrogen  sulphide  to  the 
solution. 

Reimsch'  later  studied  the  same  substance.  Parmentier^  con- 
siders the  formula  PbS.PbCl,  more  nearly  correct  as  it  would  be 
analogous  to  the  oxychloride,  PbO.PbCl,. 

It  is  also  possible  to  prepare  a  yellowish  red  sulphochloride  by 
digesting  freshly  precipitated  lead  sulphide  with  a  -solution  of 
lead  chloride. 

Ircad  sulphochloride  is  a  rather  unstable  body.  Hot  water 
gradually  extracts  lead  chloride  from  it,  leaving  the  sulphide. 
Excess  of  hydrogen  sulphide  completely  converts  it  into  the 
pure  black  sulphide. 

Lead  bromosulphide,  like  the  chlorosulphide,  is  brick-red  in 
color.  Parmentier,  who  first  obtained  it,  states  that  it  can  be 
prepared  more  readily  than  the  chlorosulphide,  but  it  is  similar 
in  its  properties  to  the  chlorosulphide.  It  corresponds  to  the 
formula  PbS.PbBr,. 

Various  attempts  had  been  made  to  prepare  the  analogous  iodo- 
sulphide  of  lead,  but  on  account  of  the  insolubility  of  lead  iodide 
in  dilute  hydriodic  acid,  the  attempts  were  fruitless  until  the 
author^  tried  the  action  of  a  solution  of  hydrogen  sulphide  on  a 
solution  of  lead  iodide  in  potassium  iodide.  This  method  of 
procedure  gives  the  lead  iodosulphide  brick-red  in  color,  having 
a  more  yellow  shade  than  the  other  sulphohalides  but  similar  in 
all  respects  to  these  derivatives.  This  brick-red  lead  iodosulphide 
corresponds  to  the  formula  PbS.4PbI,.  It  is  a  very  unstable 
compound. 

*  J.  prakt.  Chem.f  7,  27. 

*  /did.,  13,  130. 

*  Compi.  rend.^  114,  398. 

*  This  Jottmal,  17,  5x1. 
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While  lead  iodide  is  almost  insoluble  in  dilute  hydriodic  add, 
it  dissolves  readily  in  the  stronger  acid.  When  hydrogen  sulphide 
gas  is  added  to  a  solution  of  lead  iodide  in  hydriodic  acid,  neither 
the  sulphide  nor  the  iodosulphide  is  obtained.  If,  however,  an 
aqueous  solution  of  hydrogen  sulphide  is  added  to  the  hydriodic 
acid  solution  of  the  iodide,  yellow  lead  iodide  is  first  precipitated 
by  the  dilution  and  appears  as  a  fine  crystalline  precipitate. 
Farther  addition  of  hydrogen  sulphide  solution  causes  the  con- 
version of  the  yellow  iodide  into  the  brick-red  iodosulphide. 
This  precipitate  on  analysis  was  found  to  correspond  to  the 
formula  PbS.4PbI,.  We  are  therefore  led  to  believe  that  what- 
ever the  method  of  preparation,  the  red  iodosulphide  of  lead  has 
always  the  same  composition. 

Thus  far  it  has  been  impossible  to  obtain  a  lead  fluorsulphide. 
The  slight  solubility  of  lead  fluoride  in  water,  and  in  the 
alkaline  fluorides  has  thus  far  prevented  its  preparation.  It  has 
likewise  been  impossible  to  obtain  a  fluorsulphide  by  digesting 
lead  fluoride  with  lead  sulphide  in  a  similar  manner  to  that  by 
which  it  is  possible  to  prepare  the  chlorosulphide.  Moreover, 
lead  sulphide  is  insoluble  in  hydrofluoric  acid  while  the  other 
halogen  acids  readily  dissolve  the  sulphide.  Its  preparation 
would  appear  improbable. 

That  these  derivatives  are  possible  under  certain  definite  con- 
ditions and  that  these  conditions  must  be  adhered  to,  is  evidenced 
by  the  fact  that  a  too  dilute  solution  of  the  lead  salt  in  the  halogen 
acid,  or  even  a  slight  excess  of  hydrogen  sulphide,  causes  the 
formation  of  pure  black  lead  sulphide,  which  contains  no  halogen. 
On  the  other  hand,  since  lead  sulphide  is  soluble  in  the  strong 
aqueous  solutions  of  the  halogen  acids,  it  is  impossible  to  prepare 
these  compounds  by  means  of  the  addition  of  hydrogen  sulphide 
to  the  strong  acid  solutions.  It  is  necessary  that  certain  condi- 
tions be  observed  in  order  to  make  the  existence  of  these  com- 
pounds possible. 

That  such  conditions  are  necessary  can  be  shown  in  a  very 
simple  manner.  Either  precipitated  lead  sulphide  or  the  natural 
sulphide,  galena,  dissolves  readily  in  the  strong  aqueous  halogen 
adds  with  evolution  of  hydrogen  sulphide  gas  and  the  formation 
of  the  corresponding  halide.  With  a  strong  halogen  acid,  hydro- 
gen sulphide  is  liberated  and  when  sufiident  liquid  is  present, 
part  of  the  gas  remains  in  solution.      The  addition  of  water  to 
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this  solution  gives,  when  proper  conditions  are  established,  the 
brick-red  compound  which  might  be  considered  as  an  intermedi- 
ate product  between  the  halide  and  the  sulphide. 

The  three  sulphohalides  of  lead  are  all  readily  prepared  by 
this  means.  The  bromosulphide  is  the  most  stable  of  the  com- 
pounds and  it  can  be  prepared  in  a  very  striking  manner  by 
treating  2  to  3  grams  of  lead  sulphide  or  galena  with  lo  to  15  cc. 
of  strong  hydrobromic  acid,  and  diluting  with  a  large  volume  of 
water.  The  acid  should  be  allowed  to  act  until  hydrogen  sulphide 
is  freely  evolved.  The  solution  will  retain  sufficient  gas  so  that 
when  a  liter  of  water  is  quicky  added,  the  brick-red  bromosulphide 
appears. 

Hydrochloric  and  hydriodic  add  solutions  of  galena,  when 
freshly  prepared  and  quickly  diluted,  behave  in  a  similar  mamier. 
With  the  hydrochloric  acid  solution  the  conditions  are  better 
obtained  when  more  acid  is  present  than  above  noted  for  hydro- 
bromic. When  this  solution  is  diluted  with  water,  the  bright 
red  chlorosulphide  appears,  sometimes  preceded  by  the  white 
chloride.  Excess  of  water  invariably  causes  the  chlorosulphide 
to  change  to  the  black  lead  sulphide,  which  is  the  final 
product.  The  formation  of  the  bromosulphide  by  this  method 
makes  an  extremely  beautiful  experiment ;  the  simple  addition  of 
water  to  a  freshly  prepared  solution  of  galena  in  hydrobromic 
acid  gives  bright  yellow  bromide  which  almost  instantly  changes 
to  a  bright  red.  On  further  diluting  and  allowing  to  stand,  the 
black  sulphide  is  obtained.  These  changes  seem  to  indicate  that 
the  formation  of  these  compounds  is  due  to  certain  definite  rela- 
tions between  the  halide  and  hydrogen  sulphide  in  a  solution  of 
the  corresponding  halogen  acid. 

Univb&sity  of  Wisconsin, 
Madison,  Wis. 

A  MODIFICATION  OF  THE  SULPHURIC  ACID  TEST   FOR 

FORriALDEHYDE  IN  HILK. 

By  a.  Gustav  I^ubbbrt. 
Received  July  zo,  1901. 

WHILE  estimating  nitrogen,  by  the  Kjeldahl-Gunning 
method,  in  a  number  of  samples  of  milk  which  had  been 
preserved  by  the  addition  of  a  small  quantity  of  formaldehyde,  a 
peculiar  violet  coloration  of  the  potassium  sulphate  crystals  and 
sulphuric  acid,  surrounding  them,  was  noticed.     Especially  was 
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this  true  when  the  milk  was  added  to  the  potassium  sulphate  and 
the  sulphuric  acid  carefully  poured  down  the  side  of  the  digestion 
flask,  so  that  the  liquids  did  not  immediately  mix.  The  violet  or 
reddish- violet  color  appeared  only  in  those  samples  of  milk  which 
contained  the  formaldehyde  ;  in  all  others  caramelization  ensued 
at  once,  the  crystals  and  the  liquid  becoming  first  brown  and 
then  black. 

A  number  of  tests  were  made  upon  milk  to  which  formaldehyde 
had  been  added,  and  in  each  case  the  preservative  seemed  to  re- 
tard the  oxidizing  action  of  sulphuric  acid,  causing  the  violet  col- 
oration to  appear  and  preventing  the  usual  caramelization  of  the 
milk.  In  none  of  the  samples  where  formaldehyde  was  added 
was  a  negative  result  obtained. 

These  trials  led  to  the  adoption  of  the  following  method  for 
the  detection  of  formaldehyde  in  samples  of  milk  :  5  grams  of 
coarsely  powdered  potassium  sulphate  are  placed  in  a  100  cc. 
flask,  5  cc.  of  the  suspected  milk  distributed  over  it  by  means  of 
a  pipette  and  10  cc.  of  sulphuric  acid  (sp.  gr.  1.84),  carefully 
poured  down  the  side  of  the  flask.  It  is  now  allowed  to  stand 
quietly  until  the  color  develops.  If  formaldehyde  is  present  the 
violet  coloration  of  the  potassium  sulphate  takes  place  in  a  few 
minutes,  the  color  gradually  dispersing  through  the  entire  liquid. 
If  no  formaldehyde  be  present  the  liquid  will  at  once  assume  a 
brown  color,  rapidly  changing  to  black.  Milk  which  has  stood 
for  several  hours  previous  to  testing  gives  the  reaction  even  more 
rapidly  than  a  fresh  sample. 

This  test  is  sensitive  to  a  dilution  of  at  least  one  part  formalde- 
hyde in  250,000  parts  of  milk. 

NEW  BOOKS. 

QuAUTATivE  Anai,ysis  :  A  Guide  in  Qualitative  Work,  with  Data 
FOR  Analyticai,  Operations  and  Laboratory  Methods  in  Inor- 
ganic Chemistry.  By  Albert  B.  Prescott  and  Otis  C.  Johnson. 
Fifth  Revised  and  Enlarged  Edition,  Entirely  Rewritten.  New  York  : 
D.  Van  Nostrand  Co.     1901.     xi  +  420  pp.     Price,  I3.50. 

So  much  new  matter  has  been  added  to  this  edition  of  Prescott 
and  Johnson's  manual  that  it  is  almost  a  new  work.  The  subject 
matter  has  been  enlarged  over  the  former  edition  by  fully  one- 
half,  and  the  size  of  the  book  increased  100  pages.  The  intro- 
duction of  a  section  on  **  Solution  and  Ionization"  will  aid  teach- 
ers in  making  the  subject  clear  to  beginners.     Much  descriptive 


^ 


684  I^*^  BOOKS. 

■ 

chemistry  has  been  introduced  throughout  the  book,  and  while  at 
first  sight  this  may  seem  a  little  foreign  to  a  work  of  this  dass,  it 
must  be  remembered  that  not  only  will  this  serve  the  student  as 
a  review  of  elementary  chemistry,  but  the  knowledge  given  of  the 
physical  properties,  such  as  the  color  and  solubility  of  the  various 
salts,  will  greatly  aid  him  in  forming  his  opinion  as  to  the  com- 
position of  a  substance.  The  descriptive,  as  well  as  the  analytical, 
matter  is  well  arranged  under  a  series  of  systematic  headings, 
and  the  former  is  separated  from  the  latter  by  the  use  of  small 
type.  Reactions  are  used  throughout  the  book  to  show  the 
changes  that  take  place  in  precipitation,  solution,  etc.,  and  the 
schemes  and  tables  are  carefully  explained.  The  rare  elements 
receive  their  share  of  attention,  and  the  book  is  brought  well  up 
to  date  in  the  introduction  of  new  tests.  Abundant  reference  to 
the  literature  of  chemistry  mqkes  it  easy  for  those  so  inclined  to 
go  deeper  into  any  part  of  the  subject.  The  book  is  well  printed 
and  neatly  bound.  In  the  reviewer's  opinion  the  manual  is  the 
most  complete  work  on  the  subject  prifited  in  English,  and  it  de- 
serves to  rank  with  the  standard  German  manual  of  Presenius. 
Whether  the  teacher  can  use  it  in  the  classroom  is  for  each  indi- 
vidual to  decide  for  himself,  but  the  book  should  certainly  be  in 
the  library  of  every  teacher  of  chemistry,  and  may  well  be  in 
that  of  every  professional  chemist  and  student  of  chemistry. 

Richard  K.  Mbadb. 
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[Contribution  from  the    Havsmbybr  Laboratories  of  Columbia 

University,  No.  31.] 

THE  QUANTITATIVE  SEPARATION  AND  DETERfllNA- 

TION  OF  URANIUn. 

By  EDWAS.D  F.  Kkrn. 
Received  Aupist  i,  190Z. 

THE  work  described  in  this  article  was  undertaken  with  the 
object  of  finding  out  the  most  accurate  and  satisfactory 
method  for  the  technical  estimation  of  uranium. 

The  usual  quantitative  methods  for  the  estimation  of  uranium 
were  first  repeated,  then  new  methods  for  its  separation  and  esti- 
mation were  tried  on  solutions  containing  known  amounts  of  pure 
salts,  and  the  best  conditions  for  both  separation  and  determina- 
tion were  carefully  worked  out. 

The  research  was  drawn  to  a  close  by  making  a  number  of 
assays  of  uraninite,  in  which  the  results  obtained  from  the  work 
on  pure  salt  solutions  were  applied.  These  assays  tested  the 
methods  on  the  most  important  ore  of  uranium,  and  thus  collected 
the  data  in  the  form  of  analytical  methods. 

HISTORICAL  introduction. 

Uranium  was  discovered  by  M.  H.  Klaproth,  who  separated 
what  he  thought  to  be  a  new  element  from  pitchblende — also 
known  as  uraninite — the  principal  ore  of  uranium.     This  was  in 
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1789,  and  what  he  obtained  was  not  the  element,  but  its  lower 
oxide,  UO,.  He  named  the  element  uranium  in  remembrance  of 
the  planet  Uranus,  which  Herschel  discovered  in  1781. 

From  1789  to  1795  much  work  was  done  on  the  investigation 
of  uranium,  but  nothing  new  was  discovered  till  1840,  when  E. 
P61igot  succeeded  in  isolating  metallic  uranium  in  powder  form 
by  heating  uranous  chloride  (UCl^)  with  metallic  sodium/  He 
made  a  great  number  of  experiments,  the  results  of  which  proved 
that  what  was  previously  thought  to  be  the  element  uranium  was 
its  lower  oxide  (UO,),  which  plays  the  part  of  a  base,  a  true  in- 
organic radical.  This  discovery  seems  to  have  been  an  impetus 
to  the  further  study  of  this  element,  as  we  find  records  in  the 
different  journals,  of  the  years  that  follow,  of  several  of  the  em- 
inent chemists  of  the  day  investigating  uranium  and  trying  to 
find  new  methods  for  its  estimation. 

Clemens  Zimmerman  was  the  next  chemist  of  note  to  investi- 
gate uranium.  He  studied  methods  for  isolating  the  metal,  and 
methods  for  its  estimation  and  separation  from  other  elements, 
and  prepared  many  of  its  salts,  studying  their  chemical  and 
physical  properties.'  This  work  covered  a  number  of  years,  from 
1877  ^^  1884.  So  1877  marks  the  second  revival  of  interest  in  the 
element  uranium.  The  first  revival  was  in  1840,  when  Pfligot 
isolated  metallic  uranium.  The  third  revival  is  the  present  time, 
brought  on  by  the  great  industrial  demand  for  uranium  ores. 

In  1854  the  only  use  to  which  uranium  was  put  was  for  making 
a  very  fine  black  for  porcelain  painting,*  and  from  1850  to  1866  it 
was  much  used  in  photography.  At  present  its  uses  are  for  the 
preparation  of  acetate  and  nitrate  salts,  (which  are  used  as  chem- 
ical reagents),  for  the  manufacture  of  a  certain  highly  prized 
canary-yellow  colored  glass,  for  the  preparation .  of  a  pigment 
used  for  porcelain  painting,  and  lastly  for  making  a  steel  which 
has  properties  superior  to  nickel  steel.* 

Part  I. — Separation  op  Uranium. 

SEPARATION    OP   URANIUM   PROM    MEMBERS  OP  THE  PIPTH  AND 

SIXTH  GROUPS. 

The  only  point  to  be  determined  for  the  well-known  separation 

1  Ann.  Chem.  (Mebig),  41,  141  U^)* 

*  Ibid.^  Vols.  119,  ao4t  213  and  214. 

*  Whitney's  "  Mineral  Wealth  of  the  United  SUtes/' 

*  Moniteur  Industrial^  aj,  44  (1900). 
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by  hydrogen  sulphide  was  the  exact  acidity  of  the  solution. 
This  was  done  by  mixing  standardized  solutions  of  lead,  copper, 
and  uranium  in  different  proportions,  and  precipitating  the  lead 
and  copper  by  hydrogen  sulphide,  under  varying  conditions  of 
acidity  and  temperature.  The  experiments  were  all  conducted 
quantitatively.  These  showed  that  a  perfect  separation  was 
effected  when  i  cc.  of  concentrated  nitric  acid  (sp.  gr.  1.42)  was 
I>resent  to  every  50  cc.  of  solution,  and  the  solution  saturated 
with  hydrogen  sulphide  in  the  cold. 

With  hydrochloric  add,  i  cc.  of  concentrated  acid  (sp.  gr. 
1.20  )  to  50  cc.  of  solution  gave  excellent  results.  This  amount 
must  not  be  exceeded,  as  when  2.5  per  cent,  of  concentrated  acid 
was  present  the  precipitation  of  the  lead  was  incomplete.  Less 
add  must  be  present  if  the  precipitation  is  done  from  a  hot  solu- 
tion, but  this  is  not  recommended. 

As  5  cc.  of  concentrated  acid  in  a  bulk  of  250  cc.  solution  gave 
a  perfect  separation  of  uranium  from  the  metals  of  the  fifth 
group,  whose  sulphides  are  the  most  soluble — lead  and  cadmium — 
and  also  from  copper,  these  conditions  must  also  be  suitable  for 
the  other  members  of  this  group.  Lead  requires  the  least 
amount  of  free  add  to  retain  it  in  solution  ;  then  follow  in  order  of 
succession,  cadmium,  mercury,  bismuth,  copper,  and  silver.^ 

SEPARATION  OF  VANADIUM  FROM  URANIUM. 

Vanadium  is  one  of  the  common  associates  of  uranium,  and 
especially  so  in  the  minerals  which  occur  in  Colorado.  Camotite, 
the  most  common  of  these  minerals,  has  of  late  reached  commer- 
cial importance. 

The  separation  of  vanadium  from  uranium  presents  very  little 
difficulty  unless  phosphoric  acid  is  present,  in  which  case  the 
separation  is  troublesome.  Friedel  and  Cumenge'  separated 
vanadium  from  uranium  by  evaporating  the  solution  to  dryness 
with  nitric  add.  The  uranium  was  then  extracted  from  the  dry 
mass  with  a  warm  dilute  solution  of  ammonium  nitrate.  For  this 
separation,  no  phosphoric  acid  should  be  present  as  it  renders  the 
uranium  oxide,  with  which  it  is  combined,  insoluble  in  the 
dilute  ammonium  nitrate  solution. 

The  method  for  the  separation  of  vanadium  from  iron  by  means 

^  Presenius*  "Quantitative  Chemical  Analysis,"  p.  456, 1900. 
*  Am.  /.  Sct\,  10,  135  (X900). 


^ 


688  EDWARD  P.    KERN. 

of  mercuric  oxide  and  mercurous  nitrate^  has  been  used  with  suc- 
cess by  A.  C.  Langmuir,'  for  the  separation  of  vanadium  from 
uranium  in  the  analysis  of  camotite.  The  finely  divided  mineral 
was  dissolved  in  the  smallest  possible  amount  of  nitric  acid,  and 
the  silica  filtered  off.  The  solution  was  diluted  to  about  500  cc. 
and  the  vanadium  precipitated  by  means  of  mercurous  nitrate  as 
follows :  The  nitric  acid  solution  was  nearly  neutralized  with 
pure  yellow  mercuric  oxide,  and  the  vanadium  then  precipitated 
by  the  addition  of  a  strong  solution  of  mercurous  nitrate.  The 
solution  was  brought  to  boiling,  after  which  it  was  filtered.  (If 
chromium,  tungsten,  or  molybdenum  are  present  they  go  down  as 
mercurous  salts  with  the  mercurous  vanadate. )  The  precipitate 
was  washed  with  a  warm  dilute  solution  of  mercurous  nitrate, 
after  which  it  was  dried,  ignited,  and  weighed  as  VgO^.  The  ex- 
cess of  mercury  in  the  filtrate  was  removed  by  means  of  hydrogen 
sulphide  gas.  After  expelling  the  hydrogen  sulphide  from  the 
filtrate  by  slow  boiling,  the  uranium  was  determined  by  the  ordi- 
nary method. 

O,  P,  Fritchie's  Method^  is  said  to  be  particularly  adapted  to 
the  mineral  carnotite.  The  finely  divided  mineral  was  decom- 
posed at  boiling  temperature  with  10  cc.  nitric  acid,  taken  up  with 
10  cc.  water,  neutralized  with  a  saturated  solution  of  sodium  car- 
bonate, added  5  cc.  in  excess,  and  20  cc.  of  a  20  per  cent,  sodimn 
hydroxide  solution  ;  it  was  boiled  slowly  for  half  an  hour,  and  the 
precipitate  allowed  to  settle.  The  vanadium,  uranium,  and  iron 
were  all  precipitated  by  the  sodium  carbonate,  but  on  adding  a 
moderate  excess  and  a  large  excess  of  sodium  hydroxide,  the 
vanadium  was  dissolved  while  the  uranium  and  iron  remained  in- 
soluble. Uranium  is  easily  precipitated  by  sodium  carbonate  and 
sodium  hydroxide  in  the  presence  of  an  iron  salt.  The  precipi- 
tate was  washed  with  a  solution  of  sodium  hydroxide.  The 
uranium  and  iron  were  then  separated  by  the  ordinary  method, 
and  each  determined  volumetrically  by  means  of  standard  per- 
manganate, after  reducing  their  sulphate  solutions  at  boiling  tem- 
perature with  metallic  aluminum. 

SEPARATION   OF  URANIUM   FROM   MEMBERS  OF   THE  THIRD  AND 

FOURTH  GROUPS,  PARTICUI.ARLY  IRON. 

The  methods  ordinarily  used  for  separating  uranium  from  the 

1  Blair's  "Chemical  Analysis  of  Iron,"  3rd  edition,  p.  300. 

>  Paper  read  before  N.  Y.  Section  of  American  Chemical  Society,  at  March  meeting. 

«  Eng.  Min.J.,  Nov.  10, 1900  ;  Chem.  NewSy  83,  258  (1900}. 
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Other  members  of  the  fourth  group  and  those  of  the  third  group 
depends  on  the  solubility  of  uranium  hydroxide  and' sulphide  in  an 
excess  of  a  strong  solution  of  an  alkali  carbonate.  The  hydrox- 
ides and  sulphides  of  the  other  members  of  these  two  groups 
are,  with  the  exception  of  iron  and  nickel,  insoluble  in  alkali  car- 
bonate solutions.  The  hydroxides  of  these  two  metals  are  only 
slightly  soluble  in  strong  alkali  carbonate  solutions  ;  in  cold  dilute 
solutions  they  are  almost  insoluble. 

The  element  which  gives  the  most  trouble  in  effecting  a  separa- 
tion from  uranium  is  iron.  A  great  number  of  methods  have 
been  proposed,  of  which  the  best  known  are  Pisani's  ammonium 
carbonate^  and  Patera's  sodium  carbonate'  methods,  neither  of 
which  are  very  satisfactory.  Rose  used  ammonium  carbonate 
followed  by  ammonium  sulphide,'  thus  precipitating  the  iron. 
This  latter  method  is  far  from  satisfactory,  especially  if  the 
uranium  is  small  in  amount.  Rheineck's  basic  acetate  method^ 
has  been  used  with  success  when  the  uranium  was  present  in  con- 
siderable quantity. 

Ether  Separation. — ^The  use  of  ether  to  effect  a  separation  of 
iron  from  uranium  was  suggested  by  A.  C.  Langmuir  in  a  recent 
article^  on  the  analysis  of  nickel  ores.  He  found  that  iron  could 
be  separated  from  copper,  manganese,  aluminum,  cobalt,  nickel, 
and  zinc,  by  taking  advantage  of  the  solubility  of  ferric  chloride 
in  ether  free  from  alcohol.  The  chlorides  of  the  other  metals  are 
not  taken  up  by  the  ether  but  remain  in  the  aqueous  hydrochloric 
add  solution.  When  iron  is  in  the  ferrous  condition,  Rothe* 
found  that  it  was  not  taken  into  solution  by  the  ether,  but  re- 
mained with  the  other  metals  in  the  aqueous  solution.  So  it  is 
necessary  to  oxidize  the  iron  before  attempting  to  make  the 
separation. 

EXPERIMENTAI.. 

The  separation  of  iron  from  uranium  by  means  of  ether  was 
tried,  and,  as  the  result,  a  clean  and  rather  rapid  separation  has 
been  worked  out.  This  separation  depends  on  the  complete  ex- 
traction of  ferric  chloride  (in  an  aqueous  hydrochloric  acid  solu- 

1  Compt.  rend.y  ga,  106. 

<  Ztschr.  anal.  Chem.,  5,  338  (1866). 

•Ibid.,  l.4iou86a). 

*  Chem.  Newty  94,  233  (1871) . 

*  This  Joamal,  aa,  102  (1900). 
«  Oum.  News^  66,  i8a. 
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tion)  by  ether  which  is  free  from  alcohol,  and  the  retention  of 
uranyl  chloride  in  the  aqueous  hydrochloric  acid  solution. 

Before  undertaking  the  separation  of  iron  from  uranium  by 
means  of  ether,  two  solutions  containing  uranium  alone  were 
treated  three  times  with  ether,  as  described  in  the  following  ex- 
periments, in  order  to  test  the  solubility  of  uranyl  chloride  in 
ether.  These  experiments  showed  uranyl  chloride  to  be  entirely 
insoluble  in  ethyl  ether  which  is  free  from  alcohol. 

The  experiments  which  follow  were  made  with  solutions  con- 
taining both  uranium  and  iron.  Measured  amounts  of  a  standard* 
uranium  nitrate  solution  and  of  a  standard  ferric  chloride  solu- 
tion were  placed  in  a  small  beaker  and  the  solution  twice  evapo- 
rated to  dryness  with  10  cc.  hydrochloric  acid  (sp.  gr.  1.20). 
The  dry  mass  was  taken  up  with  about  10  cc.  dilute  hydrochloric 
acid  (sp.  gr.  i.io)  and  heated  till  all  salts  were  dissolved,  but 
not  long  enough  to  lose  any  of  the  acid  by  volatilization.  After 
the  solution  had  cooled,  it  was  poured  into  a  250  cc.  separatory 
funnel  and  the  beaker  rinsed  out  with  dilute  hydrochloric  add 
(sp.  gr.  1 .  10) .  The  rinsings  were  added  to  the  separatory  fminel 
till  the  volume  of  the  solution  had  reached  50  cc.  Fifty  cc  of 
ether,  free  from  alcohol  and  previously  shaken  up  with  hydro- 
chloric add  (sp.  gr.  i  .10),  were  added  and  agitated  for  about  ten 
minutes,  occasionally  relieving  the  pressure  in  the  funnel.  After 
thoroughly  shaking  together,  the  two  solutions  were  allowed  to 
separate  and  the  lower  aqueous  hydrochloric  add  solution  of 
uranyl  chloride,  containing  some  iron,  was  drawn  off  catching  it 
in  another  separatory  funnel.  The  ether  solution  of  ferric  chloride 
was  washed  twice  with  10  cc.  dilute  hydrochloric  acid  (sp.gr.  i.io) 
and  the  washings,  after  allowing  to  separate,  were  run  into  the 
funnel  containing  the  uranium. 

On  determining  the  amount  of  iron  extracted  from  the  hydro- 
chloric acid  solution  by  the  ether,  it  was  found  that  all  the  iron 
was  not  separated  from  the  uranium  by  one  extraction,  about 
10.5  per  cent,  of  the  amount  taken  remaining  in  the  aqueous  solu- 
tion with  the  uranium. 

On  finding  that  all  of  the  iron  was  not  separated  from  the  ura- 
nium by  one  '*ether  extraction,*'  two  extractions  were  made  on 
a  solution  containing  o.i  155  gram  uranium  and  0.0901  gram  of 
iron.  The  first  extraction  was  made  in  the  same  manner  as  out- 
lined above,  and  the  second  as  follows :  The  solution  in  the  lower 
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separatory  funnel  was  again  shaken  for  about  seven  minutes  with 
50  cc.  ether.  After  thoroughly  shaking  together,  the  two  solu- 
tions were  allowed  to  separate,  and  the  lower  aqueous  hydro- 
chloric acid  layer  run  into  a  second  funnel.  The  ether  solution 
was  twice  washed  with  10  cc.  hydrochloric  acid  (sp.  gr.  i.io), 
and  the  washings  caught  in  the  second  funnel.  This  ether  solu- 
tion was  run  into  a  beaker  which  contained  the  ether  from  the 
first  extraction.  After  distilling  ofiF  the  ether,  the  iron  was  deter- 
mined by  titration  with  o.oi  normal  potassium  permanganate  so- 
lution. About  3.5  per  cent,  of  the  iron  taken  remained  in  the 
aqueous  solution  with  the  uranium. 

The  next  five  separations  of  iron  from  uranium  were  made  by 
using  hydrochloric  acid  of  about  1. 10  specific  gravity  (i  part  add 
(sp.  gr.  1.20)  and  i  part  distilled  water).  In  all  cases  three  ''ether 
extractions' '  were  made,  whereby  practically  complete  separations 
of  iron  from  uranium  were  obtained.  The  solutions  contained 
from  0.0901  to  0.1802  gram  iron  and  from  0.0962  to  0.2310  gram 
uranium.  The  amount  of  metal  in  their  respective  solutions  was 
determined  volumetrically,  and  did  not  vary  more  than  0.3  per 
cent,  of  the  theoretical  amounts  taken. 

The  next  five  experiments  were  made  by  varying  the  strength 
of  the  hydrochloric  acid  used.  The  procedure  was  the  same  as 
above,  making  three  extractions  with  ether.  For  the  first  three 
solutions,  hydrochloric  acid  of  about  1.133  specific  gravity  (2 
parts  acid  (sp.  gr.  1.20)  and  i  part  distilled  water)  was  used  ;  and 
for  the  last  two  solutions  hydrochloric  acid  of  about  1.066  specific 
gravity  (i  part  acid  (sp.  gr.  1.20),  and  2  parts  distilled  water). 
The  separation  in  both  cases,  of  iron  from  uranium,  was  incom- 
plete. When  hydrochloric  acid  of  1.133  specific  gravity  was 
used,  the  amount  of  iron  remaining  with  the  uranium,  after  three 
**ether  extractions,"  was  about  6  per  cent,  of  the  amount  taken. 
With  hydrochloric  acid  of  1.066  specific  gravity,  the  amount  of 
iron  which  remained  with  the  uranium  after  three  ' 'ether  extrac- 
tions," was  about  25  per  cent,  of  the  amount  taken. 

The  most  complete  separations  of  iron  from  uranium  by  means 
of  ether  are  evidently  obtained  by  using  hydrochloric  acid  of  1. 10 
specific  gravity.  This  is  the  same  strength  as  was  found  by  Speller^ 
to  be  the  best  for  the  separation  of  iron  from  copper,  manganese, 
aluminum,  chromium,  cobalt,  and  nickel. 

1  Ckem.  News,  83,  IM  (1901). 
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When  rather  concentrated  hydrochloric  add  (sp.  gr.  1.133) 
was  used  for  the  solution  of  the  chlorides  of  iron  and  uranium,  it 
was  noticed  that  on  diluting  the  aqueous  solution,  after  agitating 
with  ether,  quite  an  amount  of  ether  separated.  This  seems  to 
explain  the  reason  why  iron  is  not  readily  separated  from  uranium 
by  means  of  ether  when  strong  hydrochloric  acid  is  used  to  bring 
their  chlorides  into  solution,  the  iron  being  retained  by  the  large 
quantity  of  ether  whidi  remains  with  the  acid  solution. 

The  results  obtained  are  shown  in  the  following  table: 

Separation  of  Iron  from  Uranium  by  Extraction  with  Bthbr. 


1 

1 

e 

1 

Specific  ffravitr  of 
HCl  used. 

Volume  of  solution 
at    first    extrac- 
tion,   cc. 

Number  of  ether 
extractions  made. 

Ether  used  for 

, ^ . 

ei            6          6 

!         S       8 
j8     8b    88 

d  li  5.1 
t  r  g^ 

Theoretical   am't 
.  of  uranium  taken. 

Amount    of     ura- 
nium determined 
in  aaueous   HCl 
solution. 

Theoretical  am't 
of  iron  taken. 

Amount  of  iron  de- 
termined in  ethe- 
real extract. 

I 

1. 10 

40 

3 

50 

40 

40 

0.09625 

0.09588 

3 

1. 133 

40 

3 

50 

40 

40 

0.09625 

0.09643 

3 

1. 10 

50 

I 

50 

•  • 

•  • 

O.I 1550 

O.I3171 

0.09010 

0.08415 

4 

1. 10 

50 

I 

50 

•  • 

■  • 

O.I 1550 

0.14700 

0.09010 

0.07700 

5 

1. 10 

50 

2 

50 

50 

•  • 

0.11550 

0.12466 

0.09010 

0.08690 

6 

1. 10 

40 

3 

50 

50 

50 

0.09625 

0.09643 

0.09010 

0.08993 

7 

1. 10 

25 

3 

75 

50 

35 

0.1 1550 

O.I 1525 

0.09010 

0.09020 

8 

1. 10 

25 

3 

75 

50 

35 

0.09625 

0.09643 

O.18021 

0.18029 

9 

1. 10 

25 

3 

75 

50 

35 

0. 19250 

0. 19228 

0.09010 

0.08993 

10 

1. 10 

25 

3 

75 

50 

35 

0.23099 

0.23069 

0.09010 

0.09037 

II 

1. 133 

40 

3 

50 

50 

50 

0.09625 

0.10584 

0.09010 

0.06663 

12 

I.I33 

25 

3 

75 

50 

35 

0.11550 

0.12068 

0.09010 

0.08580 

13 

1. 133 

25 

3 

75 

50 

35 

0. 19250 

0.20815 

0.09010 

0.08250 

14 

1.066 

25 

3 

75 

50 

35 

0.09625 

0.20933 

0.18022 

O.I27Q5 

15 

1.066 

25 

3 

75 

50 

35 

0.23099 

0.27224 

0.09010 

0.07150 

SEPARATION  OP  URANIUM   PROM  COBALT,  NICKEL,  AND  ZINC. 

Wolcott  Gibbs  separated  uranium  from  cobalt,  nickel,  and  zinc 
by  means  of  hydrogen  sulphide.  He  states  that  this  method  is 
much  simpler  than  those  ordinarily  used,  and  also  gave  excellent 
results.^  To  the  neutral  or  nearly  neutral  solution  of  the  chlo- 
rides of  uranium,  cobalt,  nickel,  and  zinc,  add  sodium  acetate  in 
excess  and  a  few  drops  of  acetic  acid.  The  solution  is  boiled,  and 
a  rapid  current  of  hydrogen  sulphide  passed  through  the  boiling 
solution  for  half  an  hour.  Every  trace  of  the  cobalt,  nickel,  and  zinc 
is  precipitated  as  sulphides  while  the  whole  of  the  uranium,  and 

1  Silliman's  Am.  J.  Set.  and  Art,  [aj,  39,62  (1865). 


SEPARATION  AND  DETERMINATION  OF  URANIUM.  693 

any  manganese,  if  present,  remains  in  the  boiling  solution.  The 
precipitate  is  thrown  on  a  ribbed  filter  and  quickly  washed  with 
cold  hydrogen  sulphide  water.  The  precipitate  is  easily  washed, 
and  though  the  sulphides  of  cobalt  and  nickel  formed  in  this 
manner  are  more  easily  oxidized  than  when  precipitated  by 
sodium  sulphide  from  a  boiling  solution,  they  will  be  found  to 
present  no  difficulty  as  regards  oxidation  upon  the  filter.  If 
manganese  is  in  the  filtrate  it  may  be  determined  by  boiling  with 
hydrochloric  acid  and  precipitating  it  in  the  usual  manner  with 
sodium  carbonate.  The  uranium  in  the  filtrate  is  determined  by 
the  ordinary  method. 

Rose  separated  uranium  from  cobalt,  nickel,  and  zinc  by  means 
of  barium  carbonate.^  The  precipitation  of  the  uranium  is  com- 
plete from  uranic  solutions  which  contain  a  small  amount  of  free 
acid,  either  hydrochloric  or  nitric  acid.  Barium  carbonate, 
which  is  diffused  in  water,  is  added  in  excess  and  the  solution 
allowed  to  stand  twenty-four  hours.  The  presence  of  ammonium 
chloride  is  necessary  in  order  to  keep  the  cobalt,  nickel,  and  zinc 
in  solution.  The  uranium  is  separated  from  the  excess  of  barium 
carbonate  by  dissolving  the  precipitate  in  hydrochloric  acid,  and 
adding  dilute  sulphuric  add.  The  uraoium  in  the  filtrate  is  pre- 
cipitated with  ammonia,  and  weighed  as  oxide.  C.  Rammelsberg* 
employed  this  method  to  separate  uranium  from  cobalt  and  nickel 
and  obtained  excellent  results;  but  when  manganese  and  zinc  are 
present  it  cannot  be  advantageously  employed. 

SEPARATION  OP  URANIUM  PROM  THE  ALKALI  AND  THE  ALKALINE 

EARTH  METALS. 

If  a  solution  containing  uranium,  alkalies,  and  alkaline  earths 
is  precipitated  with  ammonia,  a  portion  of  the  alkalies  and  alkaline 
earths  is  carried  down  by  the  ammonium  uranate,'  thus  prevent- 
ing a  complete  separation. 

Hillebrand^  found  that  it  is  possible  to  completely  separate 
uranium  from  the  alkalies  and  alkaline  earths  by  several  precipi- 
tations with  ammonia.  In  order  to  verify  this  statement,  solu- 
tions containing  a  measured  amount  of  standard  uranium  nitrate 
solution  and  sodium  and  potassium  salts  were  precipitated  by 

1  Rose's  **Chimie  Analytlque— Analyse  Quantitative,"  p.  248,  (1862.) 

*  Chem.  CentrbL  (1884},  p.  806. 

s  Presenilis'  "Quantitative  Chemical  Analysis,"  6th  edition,  p.  553. 

*  Am.J.Sci.s  10,  136  (1900). 
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means  of  a  slight  excess  of  ammonia,  and  the  solutions  brought 
to  boiling.  The  precipitates  were  washed  with  a  warm  2  per 
cent,  solution  of  ammonium  chloride,  after  which  they  were  dis- 
solved from  the  filters  with  warm  hydrochloric  acid  (sp.  gr.  i.io) 
and  caught  in  beakers.  The  precipitation  of  the  uranium  by 
ammonia,  in  the  presence  of  ammonium  chloride  and  from  hot 
solutions,  was  repeated  twice,  and  it  was  found  that  after  three 
precipitations  the  ammonium  uranate  was  free  from  alkalies. 

Magnesium  may  be  separated  from  uranium  by  means  of  am- 
monium sulphide  in  the  presence  of  ammonium  chloride^  and  also 
by  ammonia  in  the  presence  of  an  excess  of  ammonium  chloride. 
The  latter  method  is  the  one  ordinarily  used.'  To  the  solution 
containing  uranium  and  magnesium,  add  ammonium  chloride  and 
boil.  When  the  solution  becomes  dear,  add  a  slight  excess  of 
ammonia  to  the  hot  solution  and  continue  boiling  for  a  few 
minutes.  Filter  while  hot  and  wash  the  precipitate  with  hot 
water  containing  ammonium  chloride.  Dry,  ignite,  and  weigh 
the  uranium  as  oxide. 

The  separation  of  uranium  from  barium,  strontium,  and  calcium 
is  usually  done  by  means  of  sulphuric  acid  in  the  presence  of  alco- 
hol.' The  metals  should  be  in  solution  as  chlorides,  having  present 
the  smallest  possible  amiount  of  free  hydrochloric  add.  To  the 
moderately  dilute  solution,  add  sulphuric  acid,  then  alcohol, 
which  precipitates  the  barium,  strontium,  andcaldum,  in  the  form 
of  sulphates.  The  uranium  in  the  filtrate  is  predpitated  with 
ammonia  and  weighed  as  oxide. 

The  separation  of  uranium  from  barium,  strontium,  and  cal- 
cium, may  be  brought  about  by  precipitating  the  uranium  with 
freshly  prepared  ammonium  sulphide  (free  from  carbon  dioxide)/ 

In  1885,  G.  Alibigoff  studied  the  action  of  mercuric  oxide  on 
uranium  solutions  and  found  a  means  of  separating  uranium 
from  the  alkalies  and  alkaline  earths.*  He  showed  that  neither 
ammonium  sulphide,  nor  ammonium  carbonate  followed 
by  ammonium  oxalate,  can  be  successfully  employed  for 
separating  uranium  from  calcium  ^  The  latter  method  is, 
however,    preferable    to    the    first.     He    states    that    a   com- 

1  Ztschr.  anal.  Chem,,  4,  384  (1865). 

s  Premy's  "Encyclopedic  Chimique,  p.  86,  (1884). 

«  /did,  p.  86,  (1884). 

*  Presenius'  **  Quantitative  Chemical  Analjrsis,"  p.  534. 

»  Ann.  Chem.  (I^iebig),  333,  147  (1886). 
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plete  separation  of  uranium  from  calcium,  strontium,  mag- 
nesium and  the  alkalies  can  be  effected  by  the  use  of  mercuric 
oxide  ;  it  does  not,  however,  afford  a  separation  of  uranium  from 
barium.  The  precipitation  is  made  by  adding  a  slight  excess  of 
freshly  prepared  mercuric  oxide  (in  the  form  of  an  emulsion)  to 
the  boiling  solution  which  contains  ammonium  chloride  or  nitrate. 
The  boiling  is  continued  for  a  few  minutes  longer  and  then  rapidly 
cooled  by  placing  the  vessel  into  cold  water.  Wash  the  precipitate 
by  decantation  with  a  cold  dilute  solution  of  ammonium  chloride. 
It  is  placed  along  with  the  filter  in  a  platinum  crucible,  cautiously 
heated  at  first,  after  which  the  temperature  is  gradually  raised 
and  finally  ignited  over  a  blast- lamp.  The  residue  consists  of  pure 
UjOg.  The  separation  of  uranium  from  the  alkali  metals  by  this 
method  does  not  give  any  undue  trouble,  but  when  calcium  and 
strontium  are  present  they  are  rather  hard  to  rid  from  the 
uranium  precipitate.  This  difl&culty  is  overcome  by  boiling 
several  times,  during  washing  by  decantation,  with  a  solution  of 
ammonium  chloride  and  each  time  rapidly  cooling  the  solution 
before  pouring  off  the  supernatant  liquid.  The  calcium  and 
strontium  in  the  filtrate  are  determined  by  the  ordinary  methods 
after  the  removal  of  the  mercury  by  hydrogen  sulphide. 

SEPARATION   OP   URANIUM    PROM   THE  ALKALI   AND    ALKALINE 
EARTH  METALS  BY  ELECTROLYSIS  OP  ACETATE  SOLUTION. 

Uranium  is  a  very  difficult  tnetal  to  separate  from  the  alkalies 
and  alkaline  earths  by  gravimetric  methods ;  but  by  electrolyzing 
an  acetate  solution  of  these  elements  a  perfect  separation  can  be 
effected\  It  can  be  readily  separated  from  sodium,  potassium, 
rubidium,  cesium,  magnesium,  calcium,  strontium,  and  barium. 
This  method  was  used  by  £.  F.  Smith  for  separating  uranium 
from  the  alkalies,  the  alkaline  earths,  and  the  rare  earths  in  the 
analysis  of  certain  rare  minerals. 

A  very  peculiar  property  of  uranium  is  that  it  is  not  deposited 
as  metal  on  the  cathode,  but  as  the  hydrated  protosesquioxide. 
Molybdenum  is  the  only  other  metal  known  which,  like  uranium, 
is  deposited  as  oxide  on  the  cathode. 

EXPERIMENTAL. 

This  research  was  made  in  order  to  fully  confirm  the  reliability 
of  the  electrolytic  method  for  the  estimation  of  uranium  and   its 

1  Am.  Chem.J.,  i,  339  (1879) ;  this  Journal,  jo,  379  (1898). 
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separation  from  the  alkalies,   and  also  to  find  the  conditions 
which  are  best  suited  for  rather  dilute  solutions. 

The  cathodes  for  the  first  six  experiments,  when  a  current  of 
N.Di^=o.6too.7  ampere  was  employed,  were  two  platinum 
dishes  of  about  250  cc.  capacity.  For  experiments  Nos.  7  to  10, 
the  cathode  was  a  platinum  dish  of  about  150  cc.  capacity. 

The  anodes  were  made  of  heavy  platinum  wire.  One  was 
made  of  30  cm.  of  No.  12  gauge  platinum  wire  wound  into  a  flat 
spiral  of  4  cm.  diameter.  The  other  anode  was  made  of  37  cm. 
of  No.  14  gauge  platinum  wire  wound  into  a  flat  spiral  of  4  cm. 
diameter.  The  results  obtained  by  the  use  of  either  anode  were 
the  same. 

Storage  cells  were  the  source  of  current. 

For  the  electrolysis,  a  measured  amount  of  standard  uranium 
nitrate  solution  was  run  into  a  cleaned  and  weighed  platinum 
dish.  A  known  amount  of  sodium  acetate  and  of  acetic  acid  was 
added,  and  the  solution  diluted  to  a  definite  volume.  After 
heating  to  about  60®  C,  the  current  was  started  and  the  electro- 
lyzation  continued  till  the  solution  was  clear  and  colorless,  and 
no  uranium  was  indicated  when  about  2  cc.  of  the  electrol3rte  was 
removed  and  tested  with  potassium  ferrocyanide  in  the  presence 
of  hydrochloric  acid.  As  soon  as  all  the  uranium  was  precipi- 
tated, the  current  was  interrupted  and  the  electrolyte  was  emptied 
into  a  beaker.  The  black  deposit  was  several  times  washed  with 
warm  distilled  water.  The  electrolyte  and  washings  were  then 
poured  through  a  fluted  filter,  so  as  to  prevent  the  loss  of  any 
particles  of  the  deposit  which  are  apt  to  be  removed  during  wash- 
ing. The  filter  was  washed  with  warm  water,  dried  over  a  Bunsen 
flame,  ignited,  and  added  to  the  dish.  The  dish  was  ignited  at 
* 'redness*  *  for  about  fifteen  minutes,  after  which  it  was  allowed  to 
cool  in  a  desiccator.  The  dish  was  weighed  and  the  final  weight 
taken  when  it  had  remained  on  the  balance  pan  for  about  five 
minutes,  thus  allowing  its  weight  to  become  constant. 

The  deposit  consisted  principally  of  black  hydrated  protoses- 
quioxide  of  uranium  (U,04.3H,0),  which  on  ignition  changed  to 
U.O.. 

At  the  beginning  of  the  electrolysis  the  deposit  formed  as  3rel- 
low  uranic  hydroxide,  but  as  the  deposition  continued  it  changed 
to  the  black  hydrated  protosesquioxide. 
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The  results  obtained^  are  : 
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These  results  were  obtained  by  electrolyzing  a  solution  of  200 
cc.  volume  with  a  current  of  N.Dj^  =  0.55  to  0.65  ampere. 

The  results  obtained,  when  a  solution  of  125  cc.  was  electro- 
lyzed  with  a  current  of  N.Di^„  =  o.7o  to  1.50  ampere,  are  as 
follows : 
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125       0.70-0.85       80-85 
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125  0.70-0.93  70-80  6|  0.1814  0.1816 
125  0.95-1.50  70-75  7i  0.2268  0.2270 
125        0.90-1.30        73-80        8         0.2268        0.2260 


According  to  the  above  results,  the  best  conditions  for  the  elec- 
trolytic precipitation  of  uranium  from  a  rather  dilute  acetate 
solution  are  as  follows :  To  the  solution  containing  about  o.  10 
gram  of  U,Og  add  from  i  to  2  grams  of  sodium  acetate  (if  alkalies 
are  present,  no  sodium  acetate  is  needed)  and  from  i  to  2  cc.  of 
50  per  cent,  acetic  add,  or  if  glacial  ticetic  acid  is  used  only  half  the 
quantity  is  needed.  Dilute  to  from  125  to  200  cc,  heat  to  about 
65®  C.  and  electrolyze  with  a  current  of  N.Di^  =  o.6o  to  0.70 
ampere  and  6  to  8  volts.  The  uranium  is  completely  precipitated 
in  from  five  to  seven  hours. 

With  solutions  containing  about  o.  1 5  gram  of  UjOg  more  current 

>  This  part  of  the  work,  including  experiments  1-6,  was  done  under  the  direction  of 
Prof.  B.  P.  Smith  at  the  University  of  Pennsylvania,  during  April,  1900. 
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is  necessary,  and  the  best  conditions  are :  Add  from  i  to  2  grams 
of  sodium  acetate,  and  from  i  to  2  cc.  of  50  per  cent,  acetic  add, 
dilute  the  solution  to  125  cc.  and  electrolyze  with  a  current  of 
N.Djj^  =  from  0.70  to  i.o  ampere.  The  temperature  of  the  solu- 
tion should  be  about  65^  to  70^  C.  After  the  current  is  started 
no  heat  need  be  applied  outwardly  as  the  current  itself  keeps  the 
solution  heated.  The  time  required  for  the  complete  precipita- 
tion of  about  o.  15  gram  of  U,Og  is  from  six  and  one-half  to  seven 
and  one-half  hours. 

When  solutions  containing  more  than  0.15  gram  of  U,Og  were 
electrolyzed,  some  difEculty  was  experienced  in  predpicating  all 
within  eight  hours  by  a  current  not  exceeding  N.Djgo==  i  ampere. 
With  a  current  greater  than  this  the  deposits  were  very  spongy 
and  peeled  from  the  dish ;  so  the  amount  of  U,Os  in  solution 
should  not  exceed  0.15  gram. 

The  electrolytic  precipitation  of  uranium  has  been  used  a  num- 
ber of  times  for  the  estimation  of  uranium  and  for  separating  it 
from  the  alkalies  and  alkaline  earths.  The  results  obtained 
were  concordant  with  those  obtained  by  predpitating  it  gravi- 
metrically. 

The  simplicity  of  the  electrolytic  method  for  the  determination 
of  uranium,  and  the  short  time  required,  are  in  favor  of  this 
method. 

SEPARATION  OP  URANIUM  PROM  PHOSPHORIC  ACID. 

Review  of  Methods, 

Reynoso's  Method} — The  uranium  compound  should  be  in  solu- 
tion as  nitrate,  having  a  small  amount  of  free  nitric  add  present. 
Dilute  to  about  150  cc.,  add  a  strip  of  pure  metallic  tin, 
and  boil.  The  phosphoric  acid  unites  directly  with  the 
tin,  to  form  oxyphosphate  of  tin,  which  is  insoluble. 
The  predpitate  is  filtered  off  and  thoroughly  washed.  The 
filtrate  is  made  alkaline  with  ammonia,  and  the  predpitate 
which  forms  is  treated  with  acetic  add.  If  it  does  not  entirely 
dissolve,  nitric  add  is  added  and  the  predpitation  by  pure  metal- 
lic tin  repeated.*  Heat  the  solution  to  boiling,  filter  off  the  oxy- 
phosphate of  tin,  and  wash  with  warm  water.  The  predpitate 
rarely  contains  any  uranium.  The  tin  in  the  filtrate  is  removed  by 

1  Ann.  Chem.  (Uebig),  8i,  368  (1852). 

t  Premy's  "Encyclopedic  Chimiquc,"  p.  86,  (1884). 
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means  of  hydrogen  sulphide.  The  filtrate  from  the  tin  sulphide 
is  boiled  till  all  hydrogen  sulphide  is  expelled,  after  which  the 
uranium  is  determined  by  any  of  the  ordinary  methods. 

W.  Hintz^  had  occasion  to  investigate  this  method  and  stated 
that  a  complete  separation  of  phosphoric  acid  from  uranium  is 
efiFected  by  means  of  metallic  tin. 

Knopp  and  Arendt  Method} — The  separation  of  uranium  from 
phosphoric  acid  may  be  effected  by  fusing  the  ignited  mass  of 
uranium  and  phosphoric  acid  with  a  mixture  of  potassium  cya- 
nide and  potassium  carbonate,  and  treating  the  fused  mass  with 
warm  water  to  dissolve  out  the  phosphoric  acid  as  soluble  alka- 
line phosphate.  The  uranium  is  left  as  protoxide,  which  is 
reignited  and  weighed,  or  else  dissolved  in  acid  and  precipitated 
by  ammonia.  The  phosphoric  acid  in  the  filtrate  is  precipitated 
with  magnesia  mixture  and  weighed  as  magnesium  pyrophosphate. 
Hintz'  used  sodium  carbonate  ip  place  of  potassium  carbonate, 
and  obtained  very  satisfactory  results. 

E.  ReichardVs  Method^  is  based  on  the  direct  precipitation  of 
phosphoric  acid,  from  an  acetate  solution  as  uranyl-ammonium 
phosphate,  provided  the  uranium  is  in  excess.  The  precipitate 
is  filtered  off,  washed,  dissolved  in  a  solution  of  sodium  carbonate, 
and  the  solution  added  to  a  solution  of  magnesia  mixture,  which 
precipitates  the  phosphoric  acid  as  magnesium  ammonium  phos- 
phate. If  iron  is  present  it  is  first  precipitated  from  a  nitric  acid 
solution  by  adding  an  excess  of  sodium  carbonate  and  boiling.^ 
The  phosphoric  acid  in  the  filtrate  is  precipitated  as  magnesium 
ammonium  phosphate,  and  the  uranium  determined  by  the 
ordinary  method,  after  expelling  all  the  carbon  dioxide. 

Fresenius  and  Hintz  Method,^ — This  method  provides  a  means 
of  separating  arsenic  and  phosphoric  acid  from  copper,  uranium, 
and  iron.  Have  the  solution  feebly  acid  with  hydrochloric  acid, 
add  an  excess  of  potassium  ferrocyanide,  then  saturate  with 
sodium  chloride.  The  ferrocyanides  of  copper,  uranium,  and  iron 
are  washed  by  decantation,  and  subsequently  deconjposed  by  a 
warm  solution  of  caustic  potash,  changing  them  to  hydroxides. 

1  Ann.  Ckem.  (I«iebig),  igi,  316  (1869). 
s  Oum.  Central.,  773,  (1856). 

*  Ann.  Chem.  (Uebig),  I0i,  316  (1869). 

4  ZUchr.  anal.  Oum.^  S,  xi6  (1869);  Bull.  Soc.  Chim.^  30,  347  (1873}- 

*  Ztsehr.  anal.  Ckem,^  8,  116  (1869). 

*  Ihid,^  34,  437;  Ckem.  New,  79,  306  (1895). 
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Filter  and  wash  with  a  dilute  solution  of  ammonium  chloride  till 
no  ferrocyanide  is  recognized  in  the  washings.  The  mixed  hy- 
droxides are  treated  with  dilute  hydrochloric  acid.  If  any  resi- 
due remains  it  is  decomposed  by  a  warm  solution  of  caustic 
potash,  going  through  with  the  same  treatment  as  before.  The 
solution  by  hydrochloric  acid  is  free  from  arsenic  and  phosphoric 
acid.  The  copper,  iron,  and  uranium  are  separated  by  ordinary 
methods. 

Friedel  and  Cumeng^  separated  phosphoric  acid  from  uraniom 
by  dissolving  the  substance  in  nitric  acid,  and  precipitating  the 
phosphoric  acid  with  ammonium  molybdate. 

This  method  was  used'  for  estimating  the  amount  of  phosphoric 
acid  in  precipitates  of  uranous  phosphate,  which  were  formed  by 
electrolysis.  The  sample  was  dissolved  in  30  cc.  nitric  acid  (sp. 
gr.  1.42)  and  3  cc.  hydrochloric  acid  (sp.  gr,  1.20).  When  iron 
was  present,  the  sample  was  dissolved  in  a  mixture  of  20  cc.  hydro- 
chloric acid  (sp.  gr.  1.20)  and  10  cc.  nitric  acid  (sp.  gr.  1.42). 
The  solution  was  diluted  to  about  100' cc.,  and  nearly  neutralized 
with  ammonia.  A  few  drops  of  nitric  acid  were  added  to  clear 
the  solution,  making  it  slightly  acid,  then  to  the  hot  solution 
( not  above  65  °  C. )  50  cc.  of  molybdate  solution'  for  every  decigram 
of  phosphorus  pentoxide  present.  After  digesting  at  65^  C.  for 
an  hour  and  a  half,  the  yellow  precipitate  was  filtered,  and  washed 
with  cold  water.  The  filtrate  was  tested  for  phosphoric  acid  by 
adding  more  molybdate  solution  and  reheating  at  65^  C.  The 
yellow  precipitate  of  ammonium  phosphomolybdate  was  dissolved 
from  the  filter  with  ammonia  and  hot  water,  and  washed  into  a 
beaker  to  a  bulk  not  exceeding  100  cc.  It  was  nearly  neutralized 
with  hydrochloric  acid,  cooled,  and  magnesia  mixture  added,  drop 
by  drop  from  a  burette,  stirring  all  the  while.  After  about  twenty 
minutes,  30  cc.  ammonia  (sp.  gr.  0.96)  were  added  and  the  solu- 
tion allowed  to  stand  in  the  cold  for  three  hours.  The  precipi- 
tate of  magnesium  ammonium  phosphate  was  filtered  and  washed 
with  dilute  ammonia  (2.5  cc.  ammonia  and  100  cc.  water)  till 
free  from  chlorides.  The  precipitate  was  dried,  ignited,  and 
weighed  as  magnesium  pyrophosphate. 

The  uranium  in  the  filtrate,  from  the  ammonium  phospho- 

»  Am.J.Sci.^  10,  135  (1900). 

*  At  the  University  of  Pennsylvania  in  1900. 

*  Prepared  according  to  the  formulas  given  in  the  ''Official  Methods  of  the  U.  S.  Agri- 
cultural Chemists. 


SEPARATION  AND  DETERMINATION  OF  URANIUM.  70I 

molybdate,  was  determined  by  three  precipitations  with  ammonia, 
and  weighed  as  UjOg. 

Part  II. — The  Determination  of  Uranium. 

DETERMINATION  OF  URANIUM  AS  OXIDE. 

The  precipitant  which  P^ligot  used  in  1840  for  the  estimation 
of  uranium  was  ammonia,  the  principal  reagent  used  for  that 
purpose  at  the  present  time.  The  yellow  precipitate  which 
forms  when  ammonia  is  added  to  a  uranyl  solution  is  hydrated  am- 
monium uranate*  ((NHJ,UA-^H,0,or  (NH,),0.2U0j.Jt:H,0), 
which  is  soluble  in  alkali  carbonate  solutions,  and  slightly  soluble 
in  pure  water ;  but  in  water  containing  ammonia,  ammonium 
nitrate,  or  ammonium  chloride  it  is  insoluble.*  The  preaence  of 
tartaric  add,  oxalic  acid,  or  non- volatile  organic  substances  pre- 
vents the  precipitation  of  ammonium  uranate.' 

If  the  solution  contains  any  alkalies  or  alkaline  earths,  a  por- 
tion of  these  will  be  precipitated  along  with  the  uranium.^ 

Berthiet*  5  Method ^ — The  reagent  next  in  importance  to  am- 
monia, for  the  estimation  of  uranium,  is  ammonium  sulphide, 
which  was  first  used  (in  1840)  by  Berthier.  A  complete  precipi- 
tation of  uranium  by  ammonium  sulphide  is  obtained,  provided 
the  solution  is  previously  nearly  neutralized  by  ammonia,  and  no 
carbonates  are  present.  The  precipitate  which  forms  is  usually 
black  in  color,  sometimes  changing  to  reddish  brown.*  When  a 
large  excess  of  the  precipitant  is  added  and  it  is  allowed  to  stand, 
the  liquid  sometimes  assumes  a  brown  color. ^  This  color,  says 
Zimmerman,*^  is  due  to  the  solubility  of  uranyl  sulphide  in  am- 
monium carbonate  contained  in  the  ammonium  sulphide.  When 
the  ammonium  sulphide  contains  a  considerable  amount  of  thio- 
sulphate  the  red  sulphide  described  by  Remele'  is  formed  ;  but 
when  thiosulphate  is  absenl  only  the  dark  precipitate  results. 
Thiosulphate  in  the  reagent  is  due  to  the  oxidation  of  ammonium 
sulphide  by  atmospheric  oxygen. 

In  1865,  A.  Remele  studied  the  method  for  the  estimation  of 

1  Chemiker  Kalender^  p.  370,  (1899). 

>  Comey's  "Dictionary  of  Chemical  Solubilities." 

>  Presenius'  "Qualitative  Chemical  Analysis,"  219. 
«  Ibid.,  6th  edition,  p.  533. 

^  Ann.  Chem,  (I«iebig),  46,  184. 

•  Pogg.  Ann.,  116,  352. 
7  IHd.,  134,  lao. 

•  Ann.  Chem.  (I«iebig),  ao4i  ^^  (1880). 

•  Pogg.  Ann.^  116,  352. 
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uranium  by  the  use  of  ammonium  sulphide  and  found  the  best 
results  were  obtained  by  the  following  procedure  :*  The  ammo- 
nium sulphide  should  be  fresh  and  kept  well  corked,  as  it  absorbs 
carbon  dioxide  when  exposed  to  the  atmosphere.  To  the  nearly 
neutral  ammoniacal  solution,  add  an  excess  of  yellow  ammonium 
sulphide  and  keep  the  solution  near  boiling  for  an  hour,  in  order  to 
convert  the  (UO,)S,  which  is  first  formed,  into  a  mixture  of  UO, 
and  sulphur.  This  precipitate  is  rapidly  dissolved  by  alkali  car- 
bonates and  by  tartaric  add.  It  is  slightly  soluble  in  pure  water, 
is  soluble  in  dilute,  but  insoluble  in  absolute,  alcohol.  It  is 
readily  soluble  in  adds,  even  acetic  add.*  The  presence  of  am- 
monium chloride  or  ammonium  nitrate  assists  the  predpitationof 
(UO,)S,  as  it  is  less  soluble  in  these  solutions.  The  predpitate, 
containing  all  the  uranium,  is  filtered  off  and  washed  with  cold  or 
hot  water  containing  a  small  amount  of  ammonium  sulphide  and 
ammonium  chloride  or  nitrate.  Wash  first  by  decantation  and 
finally  on  the  filter.  The  predpitate  during  washing  passes  to 
yellow  uranic  hydroxide.  It  is  dried,  then  roasted  to  remove  all 
the  sulphur  and  finally  converted  into  UjOg  by  ignition  in  the 
air,  or  into  UO,  by  ignition  in  a  current  of  hydrogen  and  allow- 
ing to  cool  in  same. 

A  complete  separation  of  uranium  from  the  alkalies  and  alka- 
line earths  is  obtained  by  means  of  ammonium  sulphide.' 

C.  Winkler  made  a  comparison  of  this  method  with  P61igot*s 
ammonium  method*  and  states  that  the  predpitation  of  uranium 
by  pure  ammonium  sulphide  is  trustworthy.*^ 

EXPERIMENTAI,. 

Precipitation  of  Uranium  by  Ammonia. — For  each  determina- 
tion a  measured  amount  of  standard  uranium  nitrate  solution  was 
run  into  a  beaker  and  enough  distilled  water  added  to  bring  the 
volume  to  from  150  to  200  cc.  The'  solutions  were  brought  to 
boiling  and  a  few  drops  of  nitric  acid  added,  and  the  uraniam 
predpitated  by  adding  an  excess  of  ammonia  to  the  hot  solution. 
The  precipitates  which  formed  were  a  bright  lemon-yellow  color 
and  settled  rapidly.  The  predpitates  were  allowed  to  settle,  and 
wa^ed  several  times  by  decantation  and  twice  on  the  filter  with 

1  Ztschr.  anal.  Chem.^  4,  379. 

a  Comey's  "Dictionary  of  Chemical  Solubilities/'  1896. 

s  Ztschr.  anal.  Chem.,  1,  411. 

*  Presenius'  "Quantitative  Chemical  Analysis,"  p.  aSi. 

*  Ck€M.  News,  43,  153  (x88i). 
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warm  dilute  ammonium  chloride  solution  (2  grams  salt  to  100  cc. 
water) ,  after  which  they  were  dried  in  a  hot  oven,  and  ignited  and 
weighed  as  oxides. 

The  following  table  gives  the  conditions  observed  : 

The  Theoreticai,  Amount  op  Uranium  Taken  Was  0.1925  Gram. 

I    '  f  >       1.  "?.      *      1. 


«i 


*  ::  S  ?<?     ^  ^  ?. 


•  •  •  • 


.  •      •  •  • 


•  •  m  a  •  • 


•  •  •  •  •  • 


1       fig  -  II  §  4  ll      lag     4  II 

1  200  NH4CI  Platinum  UsO^  0.2242  0.19130     

2  200  NH4CI  Platinum  UjOg  0.2268  0.19252 

3  150  NH4CI  Platinum  Vfi^  0.2269  0.19260 

4  150  NH4CI  Platinum  UsOg  0.2266  0.19235 

5  175  NH4CI  Platinum  UjOg  0.2268  0.19252    2    0.2 191    a  19329 

€      175  {qhqi      Platinum    {{jq*    0.2267    0.19243    \    0.2179   0.19223 

7  175   <  CHCI      Po'^^l^i'*       UjOg    0.2269  0.19260    2}   0.2207    0.19479 

8  150      NH4CI    Platinum       U,Og    0.2268    0.19252    1    0.221 1    0.19505 

9  150      NH4CI    Platinum       UgOg    0.2270    0.19268    }    0.2221    0.19593 

Alcohol  P<>«^1"**       UjOg    0.2280    0.19353 

"      '75  { AlTOhol  ^^*^^"°        ^»^8    °"7o    0.19268 

12  [75      NH4CI    Platinum        UO|        \    0.2180     0.19232 

13  150      NH4CI    Porcelain        i    0.2240    0.19761 

UjOg  multiplied  by  0.84884  gives  the  uranium  equivalent ;  UO, 
multiplied  by  0.88218  gives  the  same.  These  are  the  factors 
•obtained  by  taking  the  atomic  weight  of  uranium  as  239.6  and 
that  of  oxygen  as  16.^ 

For  all  the  above  precipitations  the  solutions,  of  from  150  to 
200  cc.  volume,  were  made  decidedly  acid  with  from  0.5  to  i  cc. 
nitric  acid  (sp.  gr.  1.42),  brought  to  boiling  and  ammonia  added 
in  excess.  Some  of  the  solutions  were  boiled  for  about  fifteen 
minutes  after  the  precipitation  by  ammonia,  while  others  were 
filtered  directly  without  boiling.  The  boiling  caused  the  lemon- 
yellow  colored  voluminous  amorphous  precipitate  to  change  to  a 
more  crystalline  form,  less  voluminous  and  of  a  slightly  darker 
color.  The  precipitates  which  were  boiled  were  much  easier  to 
filter  and  wash,  and  were  less  liable  to  pass  through,  which 
usually  happened  when  boiling  was  omitted. 

1  This  Journal,  aj,  94  (1901). 
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The  presence  of  chloroform  or  alcohol  (as  recommended  by 
some  chemists)  did  not  assist  the  precipitation,  but  the  presence 
of  ammonium  chloride  or  ammonium  nitrate  was  essential.  Five 
to  ten  grams  were  added  previous  to  the  addition  of  ammonia.' 

Some  of  the  precipitates  were  ignited  separate  from  the  paper, 
and  others  without  separating  from  the  paper.  The  results 
obtained,  whether  the  precipitates  were  ignited  separately  or  not, 
were  identical,  showing  that  it  is  unnecessary  to  ignite  the  pre- 
cipitate and  the  filter-paper  separately,  as  is  recommended  by  the 
German  chemists. 

When  the  uranium  was  weighed  as  UjOg,  the  precipitates 
together  with  the  filter-paper  were  placed  in  a  crucible  and  slowly 
ignited  till  the  paper  had  completely  burned;  then  the  ignition 
was  continued  for  about  fifteen  minutes  in  a  blast-flame,  and 
allowed  to  cool  slowly  in  a  gradually  decreasing  Bunsen  flame. 
During  ignition  the  crucibles  were  placed  in  a  slanting  position  in 
order  to  allow  of  free  circulation  of  air  in  the  crucible,  thus  ob- 
taining complete  oxidation.  The  results  were  the  same  whether 
porcelain  or  platinum  crucibles  were  used. 

In  all  directions  given  in  text-books  and  journals  for  weighing 
uranium  as  oxide,  it  is  recommended  that  the  dry  precipitate  of 
ammonium  uranate  be  strongly  ignited  over  a  blast-lamp  to  U,Og, 
and  allowed  to  slowly  cool  in  a  gradually  decreasing  flame  and 
finally  in  a  desiccator.  It  is  then  weighed,  and  as  a  means  of 
ascertaining  its  purity  for  the  purpose  of  control,  it  is  reignited 
in  a  current  of  pure  hydrogen  and  reduced  to  its  lower  oxide, 
UOj.  This  was  tried,  but  only  in  one  case  was  it  possible  to 
completely  reduce  UjOg  to  UO,,  even  when  the  ignition  in  hydro- 
gen was  continued  for  two  hours.  This  time  (experiment  No.  6) 
the  reduction  was  brought  about  by  using  a  platinum  crucible 
and  igniting  strongly  in  a  current  of  pure  hydrogen  over  the 
hottest  blast-lamp  that  could  be  obtained.  When  a  porcelain 
crucible  was  used  in  which  the  ignition  was  made,  the  reduction 
did  not  proceed  so  far  as  when  a  platinum  crucible  was  used.  The 
reason  for  this  is  the  fact  stated  by  Roberts- Austen*  as  follows : 
* 'Saint  Claire  Deville  and  Troost  discovered  that  hydrogen  and 
hydrocarbons  pass  through  platinum  at  a  red  heat.*'  The  further 
reduction  of  UgOg,  when  a  platinum  crucible  is  used,  would  seem 
to  indicate  that  hydrocarbons  of  the  flame  play  as  important  a 

1  Roberts- Austen's  "Introduction  to  Metallurgy,*' p.  54,  (1898). 
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I>art  in  the  reduction  as  the  hydrogen.  It  was  impossible  to 
obtain  a  single  complete  reduction  of  the  precipitate  to  UO,  when 
a  porcelain  crucible  was  used,  even  when  the  precipitate  was  not 
previously  ignited.  When  a  platinum  crucible  was  used,  and  the 
precipitate  not  previously  ignited  in  the  air,  the  complete 
reduction  to  UO,  occurred  within  half  an  hour  by  igniting  it  in  a 
current  of  pure  hydrogen  over  a  blast-lamp,  and  allowing  it  to  cool 
in  an  atmosphere  of  hydrogen  over  a  gradually  decreasing  flame. 
The  U,Og  is  a  velvety  black  colored  mass,  and  the  UO,  a  dull 
brown  colored  mass. 

For  the  above  reductions  ordinary  porcelain  and  platinum  Rose 
crucibles  were  used.  The  hydrogen  was  purified  by  Schobig's 
method,^  by  first  passing  it  through  a  strong  solution  of  potassium 
I)ermanganate  to  remove  the  hydrides  of  arsenic,  antimony,  phos- 
phorus, and  carbon  ;  then  through  a  strong  solution  of  caustic 
soda  to  remove  hydrogen  sulphide;  and  finally  through  sulphuric 
add  (sp.  gr.  1.84)  to  remove  moisture. 

DETERMINATION  OF  URANIUM  AS   PHOSPHATE. 

Review  of  Method. 

The  precipitation  of  uranium  by  an  alkali  phosphate  has  rarely 
been  employed  as  a  means  of  estimating  uranium,  because  the 
precipitate  which  forms  is  gelatinous  and  difficult  to  wash  free 
from  alkali.  This  trouble  has  been  overcome  by  adapting  the 
method  to  volumetric  means,  which  is  the  reverse  of  the  volu- 
metric estimation  of  phosphoric  acid  by  a  standard  uranium 
solution.  The  uranium  in  solution  as  acetate  is  titrated  by  means 
of  a  standard  solution  of  sodium- hydrogen- ammonium  phosphate 
(NaHNH^POJ,  which  is  added  till  a  drop  of  the  precipitated 
solution  brought  in  contact  with  a  drop  of  freshly  prepared  solu- 
tion of  potassium  ferrocyanide  does  not  give  a  brown  coloration.* 

The  quantitative  estimation  of  uranium  by  means  of  an  alkali 
phosphate  was  first  suggested  by  Leconte'  and  later  worked  out 
by  Pisani  ;*  but  owing  to  the  difficulty  of  filtering  and  washing 
the  greenish  yellow,  slimy  precipitate  of  UOaHFO^,  this  method 
has  not  come  into  use. 

"^  J.prakl.  Chem.,  (?),  14,  289-299. 

3  Mohr's  *'I«ehrbuch  der  Chemisch-aualytJschen  Titrirmethode,"  p.  521.     Dammer's 
"Handbuch  deranorg.  Chemie,"  3,  686  (1893). 
>  I^iebigandKopp-./aAr^jd^/^A/,  p.  643,  (1853). 
*  Chem.  Neufs^  3,  211  (1862). 
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■ 

EXPERIMENTAL. 

Were  it  not  for  the  difficulty  of  washing  the  uranium  phos- 
phate, which  is  formed  by  disodium  hydrogen  phosphate,  this 
method  would  afford  a  decided  advantage  over  precipitating  it 
with  ammonia  and  weighing  it  as  oxide  (U,Og)  because  any  error 
would  be  greatly  diminished  by  weighing  as  (UO,),P,0,.  U,0^ 
multiplied  by  0.84884  gives  the  uranium  equivalent,  while 
(UO,),P,0,  multiplied  by  0.66815  gives  the  same ;  so  by  weighing 
the  uranium  as  pyrophosphate  the  error  or  loss  is  decreased. 

This  method  was  studied,  and  the  best  conditions  for  weighing 
uranium  as  uranyl  pyrophosphate  were  worked  out,  the  resultsof 
which  are  tabulated  below. 

Precipitation  of  Uranium  by  Disodium  Hydrogen  Phosphate. 


e5 


«    <  05  H  (J  HS    ^w        P  Ho 


'    'SO  {NH^NO.^^^     {h^?l:d*tob.p.  ^"'^•"""     15  o.;«875  ai9«.  0..925 
^     ^50  IjJSIcIjJsO,  "  "  10  0.2884  0.1927  ai925 

3     ^50  {nh^CHO  **  Porcelain     10  0.2878  0.1923  0.1925 

^    '5o{NH.W^'     {^fe/^dpuf  P'»«--    10  o.,85.  O..905  0..9Z5 

--^    f  Chloroform  »«  k  00 

5  '50  InH^CjHsO  10  0.2848  0.1903  0.1925 

6  I5o{nh*CHO  *  Porcelain     15  0.2875  0.1921  0.1925 

7  '50  { ^^il°^^^;^       "         "     20  0.^70  0.19.8  0..W 

These  determinations  were  made  by  measuring  50  cc.  of  stand- 
ard uranium  nitrate  solution  into  a  beaker,  diluting  to  150  cc.  and 
adding  nitric  acid  (sp.  gr.  1.42) ,  varying  the  amount  from  0.5  cc. 
to  1.5  cc.  The  solutions  were  brought  to  boiling  and  ammonia 
(sp.  gr.  0.90)  added  to  neutral  reaction  and  a  measured  amount 
in  excess— from  i  cc.  to  10  cc.  The  yellow  precipitate  of 
ammonium  uranate  was  dissolved  by  adding  50  per  cent,  acetic 
acid  till  the  precipitate  disappeared,  and  then  an  excess  varying 
from  I  cc.  to  5  cc.  To  the  solution — which  contained  besides 
uranium  acetate,  an  excess  of  acetic  acid,  ammonium  nitrate,  and 
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ammonium  acetate — an  excess  of  a  saturated  solution  of  diso- 
dium  hydrogen  phosphate  was  added.  The  precipitate  which 
formed  was  greenish  white  in  color  and  voluminous.  The  solu- 
tion was  brought  to  boiling,  then  allowed  to  cool,  and  filtered. 
In  experiments  Nos.  4  to  7  the  solutions  were  kept  for  one  hour  on 
water-baths  at  the  temperature  of  boiling  water,  after  which  they 
were  allowed  to  cool,  then  filtered.  This  treatment  assisted  the 
settling  of  the  precipitate,  but  did  not  change  its  gelatinous 
character. 

The  washing  of  the  precipitates  was  done  by  four  decantations 
and  twice  on  the  filter  with  a  hot  dilute  solution  of  ammonium 
chloride  (2.5  grams  of  salt  to  100  cc.  of  water).  The  washing 
was  not  so  easy  as  the  ammonium  uranate  precipitates,  even  when 
as  much  as  5  grams  of  ammonium  chloride  were  added  to  the  solu- 
tion previous  to  its  precipitation.  Neither  the  addition  of  chloro- 
form nor  of  ammonium  chloride  had  any  effect  on  the  appearance 
of  the  precipitate,  as  there  were  already  sufficient  ammonium 
salts  present,  formed  by  the  neutralization  of  nitric  acid  by  am- 
monia and  of  ammonia  by  acetic  acid. 

The  precipitates,  after  washing,  were  dried  at  a  temperature  of 
from  100°  C.  to  115°  C,  separated  from  the  filter-paper,  which 
was  first  ignited  in  the  crucible,  then  the  precipitate  added  and 
the  ignition  continued  for  from  ten  to  twenty  minutes  at 
"redness"  over  a  Bunsen  burner.  The  residue  in  most  cases 
was  green  in  color,  due  to  the  partial  reduction  of  uranyl  pyro- 
phosphate. Whenever  the  temperature  of  ignition  was  above 
**  redness  *'  a  reduction  always  occurred,  especially  when  a  plati- 
num crucible  was  used.  When  a  porcelain  crucible  was  used  the 
ignition  could  be  done  at  '*  redness,'*  but  above  this  temperature 
(as  over  a  blast-lamp)  reduction  always  resulted. 

The  r^uced  uranyl  pyrophosphate  was  not  weighed  as  such, 
but  was  moistened  with  a  few  drops  of  nitric  acid  (sp.  gr.  1.42), 
dried  over  a  low  flame,  and  reignited  at  **  low  redness  '*  over  a 
Bunsen  burner.  The  mass  after  such  treatment  was  always  of  a 
lemon-yellow  color.  The  weight  of  the  yellow  uranyl  pyrophos- 
phate remained  constant,  no  matter  how  long  it  was  ignited  at  a 
temperature  not  exceeding  *'  low  redness,*'  but  above  this  tem- 
perature it  always  lost  weight  and  assumed  a  green  color.  When- 
ever this  occurs  it  may  be  reoxidized  by  treating  it  with  nitric 
acid  and  reigniting  at  '*  low  redness.'* 
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This  green  residue  of  pyrophosphate  most  probably  has  the 
composition  U,0,.P,0,,  which  is  indicated  by  the  weights  of  sev- 
eral which  varied  from  o.  2820  to  o.  2827  gram.  o.  2820  multiplied 
by  0.6833  gives  0.1929  gram  uranium,  the  theoretical  amount  of 
uranium  being  0.1925  gram. 

One  of  the  residues  which  was  more  intensely  ignited  than  the 
others,  with  the  cover  on  the  platinum  crucible,  was  of  a  reddish 
brown  color.  Its  weight  was  0.2800  gram,  showing  that  the  re- 
duction had  gone  further  than  U,0,.P,0,. 

The  composition  of  the  lemon-yellow  colored  uranyl  pyrophos- 
phate is  (UO,),PA- 

PRECIPITATION    OF  URANIUM  BY  AMMONIUM   DIHYDROGEN  PHOS- 
PHATE. 

As  the  precipitates  formed  by  disodium  hydrogen  phosphate 
were  slimy  and  difficult  to  wash,  it  was  suggested  that  possibly 
this  difficulty  could  be  overcome  by  means  of  an  ammonium  phos- 
phate. The  precipitant  used  was  ammonium  dihydrogen  phos- 
phate. The  mode  of  procedure  was  the  same  as  when  disodium 
hydrogen  phosphate  was  used. 

To  a  solution  containing  0.1925  gram  of  uranium  were  added 
from  o.  I  cc.  to  1.5  cc.  nitric  acid  (sp.  gr.  1.42)  and  sufficient 
water  to  make  150  cc.  volume.  The  solution  was  brought  to 
boiling,  ammonia  (sp.  gr.  0.90)  was  added  to  neutral  reaction  and 
from  I  cc.  to  10  cc.  in  excess.  The  ammonium  uranate  which 
formed  was  taken  into  solution  by  the  addition  of  50  per  cent, 
acetic  acid  and  from  i  cc.  to  5  cc.  in  excess.  The  solutions,  then 
add  with  acetic  acid,  were  brought  to  boiling  and  the  uranium 
precipitated  by  an  excess  of  a  saturated  solution  of  ammonium 
dihydrogen  phosphate.  The  best  precipitations,  that  is,  those 
which  were  most  crystalline  and  easiest  to  handle,  were  formed 
when  about  one  and  a  half  as  much  precipitant  was  added  as 
was  necessary  for  the  precipitation.  The  solutions  were  boiled 
for  half  an  hour,  and  the  precipitate  allowed  to  settle  before  fil- 
tering. The  precipitates  were  washed  three  times  by  decanta- 
tion  and  three  times  on  the  filter  with  a  hot  dilute  solution  of  am- 
monium chloride  (2  grams  salt  to  100  cc.  water).  The  addition 
of  ammonium  chloride  or  of  chloroform  to  the  solution  was  found 
unnecessary,  as  enough  ammonium  salts  were  already  present. 
The  precipitates  which  formed  were  pulverulent  and  crystalline, 
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and  were  as  readily  filtered  and  washed  as  the  precipitates  of 
ammonium  uranate. 

The  precipitates  were  dried,  separated  from  the  filter-paper, 
and  the  paper  ignited  in  a  porcelain  crucible,  after  which  the  pre- 
cipitate was  added  and  the  ignition  continued  at  ''  redness  "  for 
about  five  minutes.  The  crucible  was  allowed  to  cool  and  the 
residue  moistened  with  a  few  drops  of  nitric  acid  (sp.  gr.  1.42). 
The  mass  was  dried  over  a  low  flame,  then  reignited  for  from  ten 
to  twenty-five  minutes  at*  *low  redness* '  over  a  Bunsen  burner.  The 
mass  after  this  treatment  was,  in  all  cases,  a  lemon-yellow  color. 
The  crudbles  were  allowed  to  cool  in  a  desiccator,  and  weighed. 

The  results  obtained  are  as  follows  : 

Precipitation  of  Uranium  by  Ammonium  Dihydrogkn  Phosphate. 
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11  200  '*  **  **  20    0.2879  0.1924  0.1925 

f  NH^Cl 

12  150  \  NH4NO8  **  '*  25    0.2881    0.1925  0.1925 

I  NH,CH,0, 

'3    ^5o  {nK^,0,  ''  "  ^5    0.2883   0.1926  0.1925 

14  200  "  **  **  15    0.2879   0.1924  0.1925 

15  150  {xH*c1h30,  "  **  ^5    0.2878   0.1923   0.1925 

16  150  •*  •      '*  "  15    0.2882   0.1926  0.1925 

The  filtrates  were  evaporated  and  tested  for  uranium  with  po- 
tassium ferrocyanide.     No  uranium  was  indicated. 

In  several  cases  when  the  ignition  was  done  at  a  temperature 
above  '*  redness/*  the  precipitate  would  invariably  assume  a 
green  color,  especially  where  the  residue  was  in  contact  with  the 
crucible.  Whenever  this  occurred,  the  mass  was  again  moistened 
with  nitric  acid  (sp.  gr.  1.42),  dried  over  a  low  flame,  and  reig- 
nited at  **  low  redness."  By  this  treatment  the  mass  was  oxi- 
dized to  (UO,),PA- 
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Several  precipitates,  after  having  been  weighed  as  uranyl  pyro- 
phosphate, were  reignited  over  a  blast-lamp  for  about  fifteen  min- 
utes. The  residue,  in  all  cases,  after  such  treatment  was  entirely 
green,  but  when  moistened  with  nitric  acid  (sp.  gr.  1.42)  and 
reignited  at  ''low  redness,"  always  changed  back  to  lemon-yellow 
uranyl  p3rrophosphate,  and  their  weight  was  the  same  as  the  orig- 
inal weight. 

Solution  No.  15  was  allowed  to  stand  for  six  days  before  filter- 
ing. The  appearance  of  the  precipitate  was  the  same  as  those 
which  were  filtered  directly. 

The  weighing  of  uranium  as  uranyl  ammonium  phosphate 
(UOj.NH^.POJ  was  undertaken,  but  without  success.  The 
filtering  through  Gooch  crucibles  was  tried,  but  owing  to  the 
fineness  of  the  precipitate  tjiis  could  not  be  done.  After  trying  to 
filter  six  solutions  in  this  manner,  the  idea  of  weighing  uranium 
as  uranyl  ammonium  phosphate  was  abandoned  as  impracticable. 

THE  VOLUMETRIC  ESTIMATION  OF  URANIUM. 

Belohoubeck,*  in  1866,  estimated  uranium  by  reducing  the  so- 
lution in  a  flask  with  metallic  zinc  and  sulphuric  acid.  For 
small  amounts  of  uranium,  he  states  that  the  reduction  is  com- 
plete in  about  fifteen  minutes,  while  for  larger  quantities  the  time 
required  is  much  longer.  The  solutions,  after  reduction,  were 
diluted  and  titrated  by  a  standard  potassium  permanganate  solu- 
tion, the  standard  of  which  was  made  on  ferrous  ammonium 
sulphate. 

Uranium  differs  from  iron,  as  regards  reduction,  in  that  it  is 
not  reduced  by  hydrogen  sulphide.  When  mercuric  salts  are 
present  the  uranium  is,  however,  reduced  by  this  reagent.* 

The  permanganate  used  for  titrating  uranium  solutions  is  stand- 
ardized by  iron,  two  atoms  of  iron  corresponding  to  one  of 
uranium. 

The  reaction*  which  occurs  during  the  titration  of  sulphate 
solutions  of  uranium  is  : 

5U(SOJ,  +  2KMnO,  +  2H,S0,  +  2H,0  = 

5(U0,)S0,  +  2MnSO,  +  2KHSO,  +  3H,S0,. 
The  reaction  which  occurs  during  the  titration  of  ferrous  solu- 
tion is  : 

1  Zlschr.  anal.  Chem.,  6,  120  (1867) ;    Sutton's  "Volametric  Analysis,"  p.  375,  (1900). 
a  Dammer's  "Handbuch  dcr  anorg.  Chcmic,"  Vol.  Ill,  p.  686  (1893). 
'  Mohr's  "I«ehrbuch  der  cbem.-analyt.  Titrirmetboden,"  p.  a67. 
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loFeSO,  +  2KMnO,  +  8H,S0,  = 

5Fe,(S0J,  +  2MnSO,  +  K,SO,  +  8H,0. 
5U(SOJ,  is  equivalent  to  iqFeSO^,  or  iU=  2Fe. 

The  reduction  of  uranium  by  zinc  and  sulphuric  acid  corre- 
sponds to  the  change  of  UO,  to  UO,.^ 

EXPERIMENTAL. 

The  fact  that  iron  is  so  easily  and,  at  the  same  time,  accurately 
determined  by  means  of  potassium  permanganate,  and  that 
uranium  solutions  can  be  reduced,  and  then  oxidized  by  potas- 
sium permanganate,  suggested  that  possibly,  with  a  few  modifi- 
cations, the  Belohoubeck  method  could  be  adapted  to  the  tech- 
nical assay  of  uranium  ores. 

In  order  to  demonstrate  the  best  means  of  reducing  uranium 
solutions,  several  diflFerent  reducing  agents  were  employed,  the  re- 
sults of  which  are  given  below  : 

The  first  series  of  experiments  was  made  by  reducing  the 
uranyl  solution  by  means  of  zinc  and  sulphuric  acid  at  boiling 
temperature,  then  by  means  of  zinc  and  hydrochloric  acid. 

The  second  series  was  made  by  reducing  the  uranyl  solution  by 
means  of  strips  of  metallic  aluminum,  first  in  dilute  sulphuric 
acid  solutions,  then  in  dilute  hydrochloric  acid  solutions. 

The  third  series  was  made  by  reducing  the  uranyl  solutions  by 
means  of  metallic  magnesium,  first  in  dilute  sulphuric  add,  then 
in  dilute  hydrochloric  acid  solutions. 

The  fourth  series  was  made  by  passing  the  uranyl  solutions 
through  a  long  Jones'  reductor. 

The  fifth  series  was  made  by  reducing  the  uranyl  solution  by 
means  of  a  strong  solution  of  stannous  chloride  and  destro3dng 
the  excess  of  stannous  chloride  by  adding  sufficient  mercuric 
chloride,  as  in  the  Zimmerman-Reinhart  method,  so  largely 
used  for  the  estimation  of  iron. 

The  standard  solution  of  potassium  permanganate  was  made 
by  dissolving  18.96  grams  of  the  salt  in  distilled  water  and  dilu- 
ting it  to  6  liters,  thus  making  a  o.oi  normal  solution.  The 
standard  was  obtained  by  titrating  ferrous  sulphate  solutions, 
containing  a  known  quantity  of  iron. 

I  cc.  KMn04  =  0.00548  gram  iron. 

1  WattB*  "Chemical  Dictionary/'  4,  Sao. 
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The  uranium  standard  was  calculated  from  the  iron  standard 
by  the  proportion : 

239.6:2  (55.9)  =^:  0.00548  ;  ;i:  =0.01 176. 

Two  equivalents  of  iron  correspond  to  one  equivalent  of  ura- 
nium, or  the  iron  standard  multiplied  by  2.1425  gives  the  ura- 
nium standard.  In  order  to  get  the  uranium  standard  in  terms 
of  UjOg,  multiply  the  iron  standard  by  2.5243. 

The  standard  of  the  permanganate  solution  was  verified  by 
taking  a  measured  amount  of  standard  uranium  nitrate  solution, 
and  reducing  it  with  about  50  grams  of  pure  zinc  and  sulphuric 
acid  (30  cc.  sulphuric  acid  (sp.  gr.  1.84)  in  150  cc.  of  solution). 
The  solution  was  diluted  to  500  cc.  and  titrated.  The  results 
obtained  agreed  to  the  fifth  decimal  place  with  those  of  the  iron 
titration. 

TITRATION  OF  URANIUM  SOI.UTIONS  WITH  POTASSIUM  PERMANGA- 
NATE. 

.  Zimmerman^  recommends,  when  uranous  solutions  are  titrated 
with  standard  potassium  permanganate  solution,  that  the  perman- 
ganate be  added  in  excess  and  the  excess  then  titrated  back  with 
a  standard  solution  of  ferrous  sulphate.  He  stated  that  by  this 
procedure  the  oxidation  of  the  uranous  solution  by  air  is  pre- 
vented. In  the  following  titrations — about  sixty  in  number,  and 
also  a  number  of  others  made  later— the  recommendation  of 
Zimmerman  was  not  observed,  but  the  uranous  solution  was 
titrated  in  the  same  manner  as  a  ferrous  solution.  The  oxidation 
of  the  uranous  solutions  was  prevented  by  placing  about  i 
gram  of  dry  sodium  carbonate  in  the  large  Erlenmeyer  flask  in 
which  the  titrations  were  made.  The  mouth  of  the  flask  was 
closed  by  a  2  J4  inch  funnel,  and  the  solution  which  was  reduced 
in  a  small  Erlenmeyer  flask  was  emptied  into  it.  The  solutions, 
which  were  quite  acid,  on  coming  in  contact  with  the  dry  sodium 
carbonate,  liberated  carbon  dioxide  which  filled  the  ** titration 
flask' '  and  prevented  the  oxidation  of  the  uranous  solutions. 

The  reductions,  whether  made  by  metallic  zinc,  aluminum,  or 
magnesium,  were  made  in  a  small  250  cc.  Erlenmeyer  flask,  the 
mouth  of  which  was  closed  by  a  small  funnel.  The  uranyl  solu- 
tions were  poured  into  the  flask,  acidified,  the  metal  added,  and 
the  reduction  carried  on  at  boiling  temperature.     After  the  reduc- 

^  Ann.  Chem.  (Uebig),  aia,  300  (1882). 
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tion  had  occurred,  the  funnel  and  sides  of  the  flask  were  washed 
down  with  distilled  water  and  the  hot  solution  rapidly  emptied 
into  the  *'  titration  flask  **  which  (Contained  about  i  gram  of  dry 
sodium  carbonate.  The  flask  in  which  the  reduction  was  made 
was  rinsed  out  four  times  with  cold  distilled  water,  the  rinsings 
poured  into  the  ''titration  flask/'  and  the  solution  diluted  to 
from  500  to  600  cc.  The  titrations  were  made  at  once,  adding 
the  permanganate  solution  till  pink  **end-point,"  which  was  very 
delicate,  when  sulphate  solutions  were  titrated. 

The  determinations  were  made  as  follows:  A  measured  amount 
of  standard  uranium  nitrate  solution  was  measured  into  a  small 
beaker,  and  from  10  to  15  cc.  of  sulphuric  acid  (sp.  gr.  1.84), 
added.  The  solution  was  evaporated  to  dense  white  fumes,  al- 
lowed to  cool,  then  poured  into  an  Erlenmeyer  flask,  which  con- 
tained a  small  amount  of  w^ter.  The  solution  was  diluted  to  a 
definite  volume  (100  to  200  cc.)  and  more  sulphuric  acid  added. 

The  best  and  most  rapid  reductions  occurred  when  the  amount 
of  free  sulphuric  acid  (sp.  gr.  1.84)  present  was  within  the  limits, 
I  part  add  to  4  parts  solution,  and  i  part  acid  to  5  parts  solution. 
When  the  concentration  is  more  than  i  to  4,  the  metal,  especially 
zinc,  is  coated  with  a  rather  insoluble  sulphate  which  retards 
the  generation  of  hydrogen. 

Comparing  the  time  required  for  the  complete  reduction  of 
uranyl  solutions  with  that  required  for  the  reduction  of  iron  solu- 
tions, it  was  found  to  be  about  twice  as  long,  when  equivalent 
amounts  of  uranium  and  iron  salts  were  reduced. 

When  zinc  was  the  metal  used  for  generating  the  hydrogen, 
about  50  grams  of  pure  metal  (15  lumps)  were  used. 

When  the  solutions  were  reduced  by  means  of  aluminum,  fif- 
teen strips  of  the  metal  were  used,  size  8  mm.  wide  by  15  mm. 
long,  and  0.5  mm.  thick. 

The  reductions  by  means  of  metallic  magnesium  were  made  by 
using  eight  pieces  of  a  bar  8  mm.  in  diameter  and   15  mm.  long. 

The  reductions,  whether  made  by  means  of  metallic  zinc,  alu- 
minum, or  magnesium,  were  in  all  cases  the  same.  The  only  dif- 
ference noticed  was  the  rapidity  of  solution  of  the  metals  ;  alu- 
minum dissolved  more  rapidly  than  zinc,  and  magnesium  'more 
rapidly  than  aluminum.  The  reduction,  whether  carried  on  at 
boiling  temperature  for  one  hour,  or  for  as  long  as  five  hours,  did 
not  go  further  than  U(SOJ,.     The  time  required  for  the  reduc- 
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tion  of  about  o.  i  gram  of  uranium  by  zinc  is  about  one  hour,  for 
about  0.2  gram  not  less  than  one  and  a  half  hours.  The  uranyl 
sulphate  solution,  at  first  yellow  in  color,  changes  to  light  green 
and  finally  to  green  with  bluish  tinge,  having  the  appearance  of 
a  dilute  solution  of  nickel  chloride,  which  color  it  retains  even 
though  the  reduction  be  continued  for  as  long  as  four  hours. 

The  results,  which  were  obtained  by  titrating  uranous  sulphate 
solutions,  are  all  that  can  be  desired,  as  they  agree  within  analyt- 
ical limits  with  those  obtained  by  the  standard  gravimetric 
method,  which  is  to  precipitate  the  uranium  with  ammonia, 
and  weigh  it  as  U,Og. 

The  reduction  of  hydrochloric  acid  solutions  was  also  tried.  For 
this  purpose,  a  measured  amount  of  standard  uranium  nitrate  solu- 
tion was  twice  evaporated  to  dryness  with  lo  cc.  hydrochloric  add 
(sp.  gr.  1 .  20) .  *  The  dry  mass  of  uranyl  chloride  was  taken  up  with 
15  cc.  hydrochloric  acid  (sp.  gr.  1.20),  and  water  added,  after 
which  the  solution  was  poured  into  a  small  Erlenmeyer  flask  and 
diluted  to  from  100  to  200  cc.  More  hydrochloric  add  was  added, 
and  the  solutions  reduced  at  boiling  temperature  in  the  same 
manner  as  the  sulphate  solutions.  The  reductions  were  made 
first  by  the  use  of  metallic  zinc,  then  by  metallic  aluminum,  and 
lastly  by  metallic  magnesium.  In  all  cases  when  the  reduction 
was  carried  on  for  from  two  to  four  hours,  it  approached  (and  in 
several  cases  reached)  the  subchloride  (U,C1,  or  UCl,) .  With  solu- 
tions of  about  100  cc.  volume  and  rather  strongly  add  (i  part  hy- 
drochloric add  (sp.  gr.  1.20)  to4  parts  solution) ,  at  boiling  temper- 
ature the  reduction  to  UCl,  was  complete  within  about  two  hours. 
By  longer  treatment  the  reduction  went  no  further.  The  color  of  the 
hydrochloric  acid  solution  of  uranium,  at  first  yellow,  changed  to 
green,  to  bluish  green,  to  olive-green,  and  finally  to  reddish-brown 
— resembling  the  color  of  old  port  wine.  The  solutions,  previous  to 
titration,  were  cooled  by  running  water,  diluted  to  about  600  cc, 
and  titrated  in  the  same  manner  as  the  uranous  sulphate  solutions. 

The  **  end-point**  was  not  so  delicate  as  when  sulphate  solu- 
tions were  titrated.  As  no  **  preventative  solution'*  was  added, 
a  small  amount  of  chlorine  was  evolved  after  the  solutions  were 
allowed  to  remain  standing  for  a  few  minutes.  The  interference 
of  the  * '  end-point*  *  by  chlorine  was  prevented  by  having  a  very 
small  amount  of  free  hydrochloric  acid  present,  not  over  3  per 
cent,  of  the  total  solution. 
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The  results  obtained  are  as  follows : 


REDUCTION  OP  URANYI,  SOI^UTIONS  BY  MBTALLIC  ZINC. 
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amount  of  ura- 
nium taken. 

I 

100 

»«- 

600 

15 

H,S04 

13- 10 

0.15406 

0.15400 

2 

200 

3 

600 

20 

13.15 

0.15464 

0.15400 

3 

125 

^^ 

500 

20 

8.20 

0.09643 

0.09625 

4 

135 

ix 

500 

25 

8.20 

0.09643 

0.09625 

5 

130 

I 

600 

20 

16.40 

0.19286 

0.19250 

6 

130 

I 

600 

20 

16.35 

0. 19228 

0.19250 

7 

125 

^K 

500 

20 

19.60 

0.23050 

0.23100 

8 

125 

iK 

500 

25 

19.65 

0.23108 

0.23100 

9 

ICO 

'H 

600 

30 

HCl 

21.10 

•  •  •  • 

0.15400 

10 

200 

ax" 

600 

25 

K 

19.80 

• .  •  • 

0.15400 

Rbduction  of 

Uranyl  Solutions 

BY  MBTAI,I,IC  AI,UMINUM. 

a 

V 

a 

1 

& 

Dilution  at  reduc- 
tion,   cc. 

Time  of  reduction. 
Hours. 

Dilution  at  the 
time  of  titration, 
cc. 

Amount  of  free 
add  present,    cc. 

Amount  of  KMn04 
required,    oc. 

Uranium  equiva- 
lent. 

Theoretical 
amount  of  ura- 
nium taken. 

II 

no 

« 

600 

15 

H,S04 

13.15 

0.15464 

0.1540 

13 

150 

I>^ 

600 

20 

«( 

13.05 

0.15350 

0.1540 

13 

150 

2>^ 

600 

20 

(1 

13.10 

0.15406 

0.1540 

14 

100 

2H 

500 

15 

(i 

13.05 

0.15350 

0.1540 

15 

100 

3 

500 

15 

i( 

13.10 

0.15406 

0.1540 

16 

200 

4 

600 

25 

If 

13- 15 

0.15464 

0.1540 

17 

120 

i« 

600 

30 

<< 

13.15 

0.15464 

0.1540 

18 

200 

2>i 

600 

40 

(( 

13.10 

0.15406 

0.1540 

19 

200 

2^ 

600 

50 

(< 

13.15 

0.15464 

0.1540 

20 

75 

'^ 

700 

20 

HCl 

20.10 

•  •  •  • 

0.1540 

21 

75 

I^ 

700 

20 

li 

18.85 

• .  •  • 

0.1540 

22 

200 

3 

700 

20 

4( 

17.40 

• .  •  • 

0.1540 

23 

200 

3 

700 

20 

f  ( 

19.60 

•  a   ■  • 

0.1540 

RBDUCnON  OF  Uranyl  Soi^utions 

BY  Mktai,i«ic  Magnesium. 

i 

! 

• 

Dilution  at  reduc- 
tion,   cc. 

Time  of  reduction. 
Hours. 

Dilation  at  the 
time  of  titration, 
cc. 

Amount  of  free 
acid  present,    cc. 

Amount  of  KMn04 
required,    cc. 

Uranium  equiva- 
lent. 

Theoretical 
amount  of  ura- 
nium taken. 

24 

125 

I 

600 

20 

H,S04 

13.10 

0.15406 

0.1540 

25 

125 

I 

600 

29 

«i 

1305 

0.15347 

0.1540 

26 

125 

2J4 

700 

20 

HC6 

16.90 

•  •  ■  • 

0.1540 

27 

125 

2X 

700 

20 

fi 

17.60 

■  •  •  • 

0.1540 
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The  reduction  of  uranyl  solutions  to  the  uranous  state  can  also 
be  made  by  passing  the  solution  through  a  Jones  reductor.  The 
reductor  used  was  much  longer  than  those  ordinarily  employed 
for  the  reduction  of  iron  solutions.  It  was  made  of  a  50  cc. 
burette,  in  the  lower  part  of  which  was  placed  an  inch  layer  of 
broken  glass  and  on  top  of  this  was  poured  an  18  inch  column  of 
20  mesh  amalgamated  zinc.  The  amalgamation  was  done  by 
washing  the  zinc  with  a  warm  dilute  solution  of  mercurotis 
nitrate,  then  thoroughly  washing  it  with  warm  distilled  water. 

The  determinations  were  made  by  taking,  a  measured  amount 
of  standard  uranium  nitrate  solution  and  evaporating  it  to  dense 
white  fumes  with  10  cc.  sulphuric  acid  (sp.  gr.  1.84).  The  solu- 
tion was  allowed  to  cool,  then  diluted  to  from  100  to  150  cc.  and 
more  sulphuric  acid  added.  The  warm  solution  was  poured 
through  the  reductor,  and  caught  in  a  large  Erlenmeyer  flask 
which  contained  about  i  gram  of  dry  sodium  carbonate,  and  the 
mouth  of  which  was  closed  by  a  small  funnel.  After  all  the  solu- 
tion had  been  emptied  into  the  reductor,  it  was  followed  by  about 
250  cc.  distilled  water.  The  solution  was  then  diluted  to  500 cc., 
and  titrated  with  o.oi  normal  potassium  permanganate  solution  to 
faint  red  end-reaction. 

The  time  required  for  100  cc.  of  uranyl  solution  and  250  cc.  of 
water  to  pass  through  the  reductor  was  about  ten  minutes ;  for 
150  cc.  uranyl  solution  and  250  cc.  of  water  to  pass  through  it 
required  about  twenty  minutes. 

Sutton^  states  that  while  washing  the  reductor  free  from  iron 
solutions,  the  wash- water  should  be  kept  above  the  zinc  level,  so 
as  not  to  allow  of  any  air-spaces  between  the  successive  additions 
of  water,  in  which  case  hydrogen  peroxide  is  formed,  thus  caus- 
ing high  results.     This  caution  was  observed  in  the  reductions. 

The  most  satisfactory  results  were  obtained  when  the  ratio  of 
free  sulphuric  acid  (sp.  gr.  1.84)  to  total  solution  was  not  less 
than  I  to  6,  nor  more  than  i  to  5.  When  the  solutions  contained 
more  acid  than  the  ratio  of  i  to  5,  the  zinc  sulphate  which 
formed  did  not  go  into  solution,  and  prevented  the  ready  passage 
of  the  solution  through  the  reductor.  When  the  acid  was  present 
in  amounts  less  than  the  ratio  of  i  to  7,  the  reduction  of  the  solu- 
tion was  incomplete,  due  to  too  slow  action  of  the  acid  on  the 
zinc.     The  reduction  was  complete  in  all  cases  when  the  ratio  of 

1  Sutton's  "  Volumetric  Analysis,'*  under  ••Iron." 
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free  snlphuric  acid  (sp.  gr.  1.84)  to  total  solution  was  within  the 
limits  of  I  to  6  and  i  to  5.     Even  when  the  solutions  were  twice 
run  through  the  reductor  no  further  reduction  occurred  than 
when  run  through  once. 
The  results  obtained  are  shown  in  the  table. 

Reduction  of  Uranyi«  Soi«utions  by  Passing  through  iIeductor. 


Experiment  No. 

Dilution  at  reduc- 
tion,   oc. 

Time  of  reduction. 
Minutes., 

Dilution  at  the 
time  of  titration, 
cc. 

Amount  of  free 
acid  present,    cc. 

Amount  of  KMnOf 
required,    cc. 

Uranium  equiva- 
lent 

Theoretical 
amount  of^ura- 
nium  taken. 

28 

100 

9 

600 

20 

HjSO* 

8.20 

0.09643 

0.09625 

29 

100 

9 

600 

15 

8.20 

0.09643 

0.09625 

30 

no 

10 

500 

10 

13.15 

0.15464 

0.1540 

31 

no 

10 

500 

10 

13.05 

0.15347 

0.1540 

32 

"5 

II 

500 

15 

13.10 

0.15406 

0.1540 

33 

115 

II 

500 

15 

13.10 

0.15406 

0.1540 

34 

120 

12 

500 

20 

13.10 

0.15406 

0.1540 

35 

120 

12 

600 

20 

13- 10 

0.15406 

0.1540 

36 

100 

10 

500 

20 

16.40 

0.19286 

0.1925 

37 

100 

10 

600 

20 

16.35 

0.19228 

0.1925 

38 

125 

12 

600 

25 

26.20 

0.30810 

0.3080 

39 

130 

14 

600 

30 

26.20 

0.30810 

0.3080 

40 

150 

18 

600 

35 

26^20 

0.30810 

0.3080 

41 

no 

15 

600 

15 

16.40 

0. 19286 

0.1925 

42 

"5 

18 

600 

20 

16.40 

0. 19286 

0.1925 

43 

135 

20 

600 

25 

26.20 

0.30810 

0.3080 

Solutions  Nos. 

41,  42, 

and 

43  were  twice 

passed  through  t' 

reductor. 

REDUCTION  OP  URANYL  SOLUTIONS  BY  STANNOUS  CHU)RIDE. 

These  reductions  were  made  in  the  same  manner  as  iron  by 
the  Zimmerman-Reinhardt  method.  In  some  of  the  reductions 
the  stannous  chloride  was  allowed  to  act  much  longer  than  is 
ordinarily  done  for  iron;  but  with  the  majority  the  prcteedure 
was  the  same  as  for  iron  reductions. 

The  color  of  the  uranyl  chloride  solutions  was  yellow,  but  on 
continued  boiling  with  stannous  chloride  it  changed  to  green, 
and  on  still  further  boiling  to  reddish  brown.  When  the  solutions 
were  boiled  with  stannous  chloride,  a  small  amount  of  dry  sodium 
carbonate  was  added  to  the  flask,  the  mouth  closed  by  a  small 
funnel,  and  the  boiling  continued. 
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When  the  reductions  were  allowed  to  continue  for  a  minute  or 
so,  as  for  the  reduction  of  ferric  solutions,  a  very  slight  reduction 
occurred,  but  when  the  reduction  was  continued  for  from  fifteen 
minutes  to  half  an  hour,  the  reduction  approached  and  in  several 
cases  proceeded  to  the  subchloride  (UCl,),  the  same  as  when  a 
hydrochlgric  acid  solution  of  uranium  is  reduced  by  either  zinc, 
aluminum,  or  magnesium. 

The  uselessness  of  stannous  chloride  for  the  reduction  of 
uranium  solutions  is  shown  by  the  following  table  : 

Rbduction  op  Uranyi*  Solutions  by  Stannous  Chu>ridb. 


• 

0 

Z 

S 
1 

a 

1 

he 

tion. 

t 

Amount  of  KMuO^ 
used.    cc. 

1 

1 

t 

«4 

1 

1. 

1-2 

IPs 

It 

44) 

■ 

45  • 

20 

'A 

600 

15 

O.d-0.7 

0.00823 

0.1925 

46) 

• 

^21 

4»\ 

75 

% 

500 

20 

0.8-1.5 

0.01764 

0.1925 

49) 

5o1 
51/ 

75 

^ 

500 

20 

0.4-0.6 

0.00706 

0.1925 

52 

35 

I 

550 

35 

0.8 

0.00941 

0.1925 

53 

50 

I 

550 

45 

2.0 

0.02352 

0.1925 

54 

35 

5 

600 

35 

i6.o 

O.18816 

0.1925 

55 

50 

5 

600 

45 

18.5 

0.21756 

0.1925 

56 

75 

10 

600 

10 

4.0 

0.04704 

0.1925 

57 

75 

10 

600 

10 

8.5 

0.09996 

0.1925 

58 

35 

10 

600 

25 

II.O 

0.12936 

0.1925 

59 

30 

10 

600 

15 

15.5 

0.18228 

0.1925 

60 

30 

15 

600 

15 

30.9 

0.24578 

0.1925 

Part  III. — Estimation  op  Uranium  in  Pitchblende. 

In  order  to  apply  the  preceding  separations  and  determinations, 
to  an  actual  technical  assay  of  pitchblende,  samples  of  the  ore 
were  analyzed  by  two  entirely  different  methods :  the  Patera 
method  with  modifications,  and  the  ''ether  extraction"  method. 
In  both  cases  the  uranium  was  determined  in  several  different 
ways.  These  assays  gave  an  actual  comparison  of  results,  and  at 
the  same  time  tested  the  separations  and  estimations  of  uranium 
which  were  worked  out  on  pure  solutions. 

The  assays  were  first  made  by  Patera's  method  as  follows : 
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Eight  samples  of  the  finely  divided  ore  (about  1.3  grams)  were 
weighed  into  small  beakers,  and  decomposed  by  adding  5  cc. 
water  and  10  cc.  nitric  add  (sp.  gr.  1.42).  Complete  solution 
was  brought  about  by  heating  almost  to  boiling  in  covered 
beakers  on  a  hot  asbestos  plate  till  the  residues  were  almost  white 
in  color,  then  the  watch-glasses  were  removed  and  the  solutions 
slowly  evaporated  to  a  pasty  mass.  After  cooling,  the  masses 
were  taken  up  with  50  cc.  water  and  3  cc.  nitric  acid  (sp.  gr. 
1.42),  and  the  solution  brought  to  boiling.  The  silica  was  filtered 
off  and  washed  with  boiling  water  and  rejected.  The  filtrates 
were  diluted  to  200  cc.  volume  and  hydrogen  sulphide  gas  passed 
through  the  cold  solutions  for  one  hour.  The  precipitates  of 
sulphides  of  lead,  copper,  etc.,  were  filtered,  washed  with  hydro- 
gen sulphide  water,  and  rejected.  The  filtrates  from  the  sulphides 
were  at  first  slowly  heated,  and  finall}'^  boiled  in  order  to  expel 
hydrogen  sulphide  gas  and  to  oxidize  the  iron.  Evaporation  was 
continued  till  the  bulk  of  the  solutions  was  about  125  cc, 
then  the  separated  sulphur  was  filtered  off  and  washed.  The 
solutions  were  brought  to  boiling  and  150  cc.  of  a  saturated  solu- 
tion of  sodium  carbonate  added,  boiling  was  continued  for 
twenty  minutes,  after  which  the  precipitates  (principally  ferric 
hydroxide)  were  filtered  off  and  washed  three  times  by  decantation 
and  four  times  on  the  filter  with  hot  water.  The  filtrates  con- 
taining the  uranium  were  evaporated  to  half  volume  (about  150 
cc.),  slowly  neutralized  with  hydrochloric  acid  (sp.  gr.  1.20)  and 
about  3  cc.  in  excess,  then  boiled  for  half  an  hour  till  all  carbon 
dioxide  was  expelled.  The  uranium  was  precipitated  from  the 
hot  solutions  by  means  of  a  slight  excess  of  sodium  hydroxide 
(free  from  carbonate),  and  boiling  for  about  ten  minutes,  keep- 
ing the  beakers  covered  with  watch-glasses.  The  orange-yellow 
precipitates  of  sodium  uranate  were  allowed  to  settle,  the  super- 
natant liquids  poured  through  filters,  and  the  precipitates  twice 
washed  by  decantation  and  three  times  on  the  filters  with  hot 
water. 

Precipitates  Nos.  1  and  2,  were  dried  in  a  hot  oven,  sepa- 
rated from  the  filters  and  ignited  in  platinum  crucibles  after 
which  the  ash  of  the  papers  was  added  to  the  crucibles  and  igni- 
tion continued  at ''redness"  for  five  minutes.  The  residues  on 
cooling  were  treated  several  times  with  hot  water,  after  each 
treatment  pouring  the  water  through  a  small  filter.    The  filters 
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were  dried,  ignited,  added  to  the  crucibles,  and  reignited  at 
"redness"  for  ten  minutes.  After  cooling  in  a  desiccator,  they 
were  weighed.  According  to  Patera,  the  residue  consists  of 
Na0.2(U,0,),  TOO  parts  of  which  contain  88.3  parts  of  UjOg. 

Precipitates  Nos.  3,  4,  5,  6,  and  7  were  dissolved  from 
the  filters  by  warm  dilute  hydrochloric  acid  (sp.  gr.  1.13), 
and  caught  in  small  beakers.  The  solutions  were  evaporated 
twice  to  dr3mess  on  a  warm  asbestos  plate,  the  second  time  with 
10  cc.  hydrochloric  acid  (sp.  gr.  1.20).  The  dry  residues  were 
taken  up  with  3  cc.  hydrochloric  acid,  diluted  to  100  cc. ,  and 
brought  to  boiling.  The  silica,  dissolved  from  the  beakers  by  the 
strong  alkali  solution,  was  filtered  off,  and  washed  with  boilings 
water. 

Solutions  Nos.  3  and  4  were  brought  to  boiling,  5  cc.  hydro- 
chloric add  (sp.  gr.  1.20)  added,  and  ammonia  (sp.  gr.  0.90)  in 
excess.  The  solutions  were  boiled  for  fifteen  minutes,  thus 
changing  the.  voluminous  amorphous  precipitate  of  yellow  am- 
monium uranate  into  a  more  crystalline  form,  darker  in  color, 
which  was  readily  and  rapidly  washed.  The  precipitates 
were  allowed  to  settle,  the  supernatant  liquids  poured  through 
filters,  and  the  precipitates  washed  three  times  by  decantation  and 
twice  on  the  filter  with  a  hot  dilute  solution  of  ammonium  chlo- 
ride (2  grams  of  salt  to  100  cc.  water).  The  precipitates  were 
dried,  placed  in  platinum  crucibles  together  with  filter-paper,  and 
slowly  ignited  till  the  paper  was  completely  destroyed,  then 
ignited  in  a  blast-flame  for  ten  minutes,  after  which  they  were 
slowly  cooled  in  a  gradually  decreasing  Bunsen  flame.  During 
ignition  the  crucibles  were  placed  in  a  slanting  position  in  order 
to  allow  of  free  circulation  of  air  in  the  crucible,  thus  obtaining^ 
complete  oxidation  to  VjO^,  They  were  allowed  to  cool  in  a 
desiccator,  and  weighed. 

Solution  No.  5  was  diluted  to  150  cc.,  brought  to  boiling,  and 
5  cc.  hydrochloric  acid  (sp.  gr.  1.20)  added.  The  solution  was> 
neutralized  with  ammonia  (sp.  gr.  0.90)  and5  cc.  added  in  excess. 
Acetic  acid  was  slowly  added  to  the  hot  solution,  stirring  all  the 
while,  till  the  yellow  precipitate  disappeared.  The  uranium  was 
then  precipitated  by  means  of  ammonium  dihydrogen  phosphate, 
adding  about  twice  as  much  as  was  necessary  for  complete  pre- 
cipitation. The  solution  was  boiled  for  fifteen  minutes,  allowed 
to  cool,  then  filtered,  and  the  precipitate  washed  four  times  on 
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the  filter  with  a  hot  2  per  cent,  solution  of  ammoninm  chloride. 
The  precipitate  was  dried,  separated  from  the  filter-paper  which 
was  first  ignited  in  a  porcelain  crucible,  after  which  the  precipitate 
was  added  and  ignited  at  low  redness  for  ten  minutes  over  a 
Bunsen  flame.  The  crucible  was  allowed  to  cool,  the  residue 
moistened  with,  a  few  drops  of  nitric  acid  (sp.  gr.  1.42},  dried  on 
a  hot  plate,  and  reignited  at  low  redness  for  ten  minutes. 
The  lemon-yellow  colored  precipitate  of  uranyl  pyrophosphate 
((UO,),P,Ot)  was  weighed,  and  the  U^Og  equivalent  obtained  by 
multiplying  the  weight  by  0.66815. 

Solutions  Nos.  6  and  7  were  evaporated  to  about  30  cc.  volume 
allowed  to  cool,  30  cc.  sulphuric  acid  (sp.  gr.  1.84)  added,  and 
evaporation  continued  to  dense  white  fumes.  The  solutions  were 
poured  into  250  cc.  Erlenmeyer  flasks,  diluted  to  150  cc.,  and  re- 
duced at  boiling  temperature  by  about  50  grams  of  pure  granu- 
lated zinc.  The  reductions  were  continued  for  one  and  a  half 
hours  till  the  solutions  were  a  clear  green  color.  The  solutions 
were  then  poured  into  a  large  Erlenmeyer  flask,  which  contained 
about  one  gram  of  dry  sodium  carbonate,  diluted  to  500  cc.  and 
titrated  by  o.oi  normal  potassium  permanganate  solution. 

Precipitate  No.  8,  of  sodium  uranate,  was  dissolved  from  the 
filter  with  warm  dilute  nitric  add  (i  part  acid  (sp.  gr.  1.42)  and 
2  parts  water)  and  caught  in  a  small  beaker.  The  solution  was 
evaporated  to  dryness  twice,  the  second  time  with  10  cc.  nitric 
acid  (sp.  gr.  1.42).  The  dry  mass  was  taken  up  with  5  cc.  of  50 
Tper  cent,  acetic  add,  diluted  to  50  cc.,  and  the  solution  boiled  till 
all  salts  were  dissolved.  The  silica,  which  was  dissolved  from 
the  beaker  by  the  strong  sodium  carbonate  solution,  was  filtered 
off  and  washed  with  hot  water.  The  solution  was  diluted  to  ex- 
actly 100  cc.  in  a  graduated  flask,  50  cc.  were  measured  into  a 
large  dean  platinum  dish  and  the  uranium  determined  by  elec- 
trolysis as  follows  :  Added  0.5  gram  sodium  acetate,  diluted  to 
125  cc.  and  electrolyzed  at  a  temperature  of  65®  to  75®  C,  with 
a  current  of  N.D.jo^  =  0.8  to  i.o  ampere.  The  uranium  wascom- 
pletdy  precipitated,  as  hydrated  protosesquioxide,  within  eight 
hours.  The  electrolyte  was  emptied  into  a  beaker,  and  the  black 
deposit  washed  with  warm  water.  The  electrolyte  and  the  wash- 
ings were  poured  through  a  fluted  filter-paper,  the  paper  several 
times  rinsed  with  hot  water,  dried,  and  ignited  on  the  cover  of  a 
platinum  crudble,  and  the  ash  added  to  the  dish.     The  dish  was 
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then  dried,  ignited  over  a  blast-lamp  for  ten  minutes,  and  allowed 
to  cool  in  a  gradually  decreasing  Bunsen  flame.     It  was  placed  in 
a  desiccator  and,  after  thoroughly  cooling,  was  weighed.    The 
ignited  deposit  consisted  of  U^Og. 
The  results  obtained  by  this  series  of  assays  are  as  follows  : 
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0.3064    0.27055     21.03        ^ 
0.3071     0.271 17     20.49 

0.2616  0.26160  20.31  20il6 

0.2653   0.26530   20.60     ^^ 
0.3297   0.25940   20.20    20.20 

0.29090      20.77  g 

•  ...  0.24940        20.50  '  ^ 

0.1306       0.13060       20.36         20.36 

Estimation  of  Uranium  in  Pitchblende  dy  the  Ether  Extractton 
Method, — ^The  ether  extraction  method  differs  from  the  Patera 
method  in  that  the  uranium  is  not  separated  from  the  fourth 
group  members  by  means  of  sodium  carbonate,  but  by  ether 
and  by  ammonium  carbonate.  The  iron  was  separated  from 
uranium  and  the  other  metals  by  shaking  the  hydrochloric  add 
solution  with  ether,  free  from  alcohol.  The  uranium  was  then 
separated  from  the  other  associated  metals  (aluminum,  man- 
ganese, zinc,  and  nickel)  by  means  of  ammonium  carbonate. 

The  procedure  was  as  follows:  Seven  samples  (about  1.3  grams) 
of  the  finely  divided  pitchblende  were  decomposed  with  boiling 
dilute  nitric  acid  (i  part  acid  (sp.  gr.  1.42)  and  i  part  water)  till 
the  residues  which  remained  were  almost  white  in  color.  The 
solutions  were  then  evaporated  to  a  pasty  mass,  taken  up  with  15 
cc.  hydrochloric  acid  (sp.  gr;  1.20),  and  evaporated  to  dryness 
twice,  the  second  time  with  10  cc.  hydrochloric  add  (sp.  gr.  1.20). 
The  salts  were  taken  up  with  5  cc.  hydrochloric  add  (sp.  gr. 
1.20),  diluted  to  150  cc,  brought  to  boiling,  and  the  silica  filtered 
off  and  washed.  The  filtrates  were  diluted  to  250  cc.  and  the 
lead,  copper,  etc. ,  predpitated  as  sulphides  by  passing  hydrogen 
sulphide  gas  through  the  cold  solutions  for  about  an  hour.  The 
filtrates  from  the  sulphides  were  evaporated  slowly  to  about  150 
cc,  and  boiled  for  a  few  minutes  in  order  to  expel  all  hydrogen 
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sulphide.  The  separated  sulphur  was  filtered  oflF  and  washed. 
The  solutions  were  brought  to  boiling,  5  cc.  nitric  acid  (sp.  gr. 
1.42)  added,  and  boiling  continued  till  the  iron  was  completely 
oxidized,  after  which  ammonia  (sp.  gr.  0.90)  was  %dded  in 
excess  and  boiling  continued  for  fifteen  minutes.  The  precip- 
itates of  impure  ferric  hydroxide,  ammonium  uranate,  etc., 
were  filtered  off  and  washed  with  a  warm  2  per  cent,  solution  of 
ammonium  chloride.  The  wet  precipitates  were  dissolved  from 
the  filters  with  warm  dilute  hydrochloric  add  (sp.  gr.  i.io)  and 
caught  in  small  beakers.  The  solutions  were  twice  evaporated 
to  dryness,  the  second  time  with  10  cc.  hydrochloric  acid  (sp.  gr. 
1.20).  The  dry  salts  were  taken  up  with  15  cc.  hydrochloric 
add  (sp.  gr.  i.io),  the  beakers  covered  with  watch-glasses,  and 
the  solutions  heated  till  all  salts  had  dissolved  but  not  long 
enough  to  lose  any  of  the  acid  by  evaporation.  After  cooling, 
the  solutions  were  emptied  into  250  cc.  separatory  funnels,  and 
the  beakers  rinsed  out  four  times  with  5  cc.  hydrochloric  add 
(sp.gr.  I.io).  Fifty  cc.  of  pure  ether,  which  had  previously 
been  shaken  up  with  hydrochloric  acid  (sp.  gr.  1. 10),  were  added 
to  each  funnd,  and  thoroughly  shaken  for  about  seven  minutes 
with  the  aqueous  hydrochloric  acid  solutions,  occasionally  reliev-  ' 
ing  the  pressure,  due  to  evaporation  of  ether.  After  agitation, 
the  funnels  were  allowed  to  stand  for  a  few  minutes  till  the  two 
solutions  separated,  then  the  lower  aqueous  layers  were  run  into 
other  separatory  funnels.  The  ether  layers,  containing  most  of 
the  iron,  were  twice  shaken  up  with  5  cc.  hydrochloric  acid 
(sp.  gr.  I.io)  and  the  washings  added  to  the  main  solutions  con- 
taining the  uranium.  The  second  extractions  were  made  with  50 
cc.  ether,  and  the  third  with  30  cc.  ether.  In  both  cases  the 
ether  solutions  were  twice  washed  with  5  cc.  hydrochloric  add 
(sp.  gr.  I.io).  The  aqueous  hydrochloric  add  solutions,  now 
free  from  iron,  contained  a  small  amount  of  ether,  which  was  al- 
lowed to  evaporate  spontaneously  by  exposure.  They  were  then 
evaporated  to  about  half  volume  (40CC. ),  diluted  to  100  cc., 
nearly  neutralized  with  ammonia,  and  100  cc.  of  a  saturated  solu- 
tion of  ammonium  carbonate  added,  which  precipitated  all  the 
metals  except  uranium.  The  solutions  were  slowly  boiled  for  five 
minutes,  filtered,  and  the  predpitates  washed  with  hot  water. 
The  filtrates  were  evaporated  to  half  volume  in  order  to  get  rid 
of  most  of  the  carbon  dioxide.     Yellow  predpitates  of  ammonium 
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tiranate  separated  during  boiling,  and  were  dissolved  by  acidify- 
ing the  solutions  with  hydrochloric  add.  The  solutions  were 
again  boiled  for  about  half  an  hour  longer,  and  the  uranium  deter- 
mined inifour  di£Ferent  ways  as  outlined  below. 

Solutions  Nos.  9  and  10  were  precipitated  with  ammonia  in 
the  same  manner  as  solutions  Nos.  3  and  4  and  the  uranium 
weighed  as  U,Og. 

Solutions  Nos.  11  and  12  were  precipitated  by  an  excess  of 
ammonium  dihydrogen  phosphate  the  same  as  solution  No.  5, 
and  the  uranium  weighed  as  (\JOi)^'Pfij. 

Solutions  Nos.  13  and  14  were  evaporated  with  sulphuric 
add,  reduced  by  metallic  zinc  and  titrated  by  potassium  perman- 
ganate as  described  under  Nos.  6  and  7. 

In  solution  No.  15,  the  filtrate  from  the  ammonium  carbonate 
predpitation  was  evaporated  to  dryness  with  nitric  add,  and  the 
uranium  determined  dectrolytically  as  already  described  under 
No.  8. 

The  results  obtained  by  the  ether  extraction  method  are  as  fol- 
lows: 
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9        1.2405  UjOg  0.3565        0.2565  ao.67 
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13  1.2892  Titration  ....  0.2672         20.80 

14  1.2828  Titration  ....  0.2646  20.63  ' 

15  0.6207  tljOg  0.1283        0.1283  20.67         20.67 

A  comparison  of  these  results  with  those  obtained  by  the  Patera 
separation  shows  greater  uniformity  here.  The  dose  agreement 
is  proof  not  only  of  the  superiority  of  the  ether  extraction, 
method,  but  also  of  the  accuracy  of  the  methods  of  determination 
of  uranium  already  described. 

SUMMARY   OF   RESULTS. 

The  conclusions  drawn  from  this  investigation  on  the  separation 
and  determination  of  uranium,  briefly  stated,  are  as  follows : 
I.  In  order  to  separate  uranium  (and  the  other  members  of 
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group  4)  from  the  metals  of  groups  5  and  6,  the  solution  should 
contain  not  over  one  part  of  concentrated  acid  (either  hydro- 
chloric or  nitric  add)  in  fifty  parts  of  solution. 

2.  The  separation  of  uranium  from  the  metals  of  groups  3  and 
4  is  best  accomplished  by  means  of  either  a  saturated  solution  of 
sodium  carbonate,  or  else  by  ether  followed  by  a  saturated  solu- 
tion of  ammonium  carbonate.  The  latter  method  is  preferable 
when  the  introduction  of  fixed  alkalies  and  silica  is  undesirable. 

3.  The  ether  extraction  method  for  the  separation  of  uranium 
from  iron  depends  on  the  fact  that  ferric  chloride  is  extracted 
from  an  aqueous  hydrochloric  acid  solution,  whereas  the  uranyl 
chloride  is  retained  in  the  aqueous  solution.  For  this  separation 
it  is  necessary  that  the  hydrochloric  acid  used  for  the  solution  be 
of  1. 10  specific  gravity  and  that  three  ether  extractions  be  made. 
The  ether  used  should  be  free  from  alcohol,  and  also  previously 
shaken  up  with  hydrochloric  acid  (sp.  gr.  i.io). 

4.  The  separation  of  uranium  from  iron  by  means  of  sodium 
carbonate  is  complete,  provided  a  large  excess  of  a  saturated  solu- 
tion of  sodium  carbonate'  be  used,  and  the  solution  boiled  for  at 
least  fifteen  minutes  after  the  precipitation.  The  boiling  is  neces- 
sary in  order  to  get  all  the  uranium  into  solution.  By  such  treat- 
ment, no  uranium  remains  with  the  iron,  which  is  completely  pre- 
cipitated as  ferric  hydroxide  in  a  form  readily  filtered  and  washed. 

5.  The  separation  of  uranium  from  the  alkalies  and  alkaline 
earths  by  means  of  electrolysis  is  complete,  easily  accomplished 
and  gives  accurate  results. 

6.  The  separation  of  uranium  from  the  alkalies  and  alkaline 
earths  is  accomplished  by  precipitating  the  uranium  three  times 
from  a  hot  solution  with  ammonia  in  the  presence  of  ammonium 
chloride. 

7.  The  separation  of  uranium  from  the  alkalies  and  alkaline 
earths  by  means  of  an  excess  of  ammonium  phosphate  in  the 
presence  of  ammonium  acetate  is  complete.  The  precipitations 
should  be  made  from  a  hot  solution  and  the  boiling  continued  for 
at  least  fifteen  minutes. 

8.  The  yellow  slimy  amorphous  precipitate  of  an  ammonium 
uranate,  formed  by  precipitating  uranium  with  ammonia  in  the 
presence  of  an  ammonium  salt,  is  converted  into  a  darker  crys- 
talline form  by  boiling  it  for  about  twenty  minutes,  and  then 
allowing  it  to  settle  in  the  cold. 
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9.  The  separation  of  the  filter-paper  from  the  precipitate  of 
ammonium  uranate  for  the  purpose  of  igniting  to  UO,  or  U,0(  is 
unnecessary. 

10.  The  complete  oxidation  of  uranium  to  U,Og  is  accomplished 
by  Igniting  ammonium  uranate,  in  either  a  platinum  or  porcelain 
crucible,  over  a  blast-lamp.  This  is  done  by  having  the  crucible 
in  a  slanting  position  and  igniting  intensely  over  a  blast-lamp  for 
about  ten  minutes,  after  which  the  crucible  is  allowed  to  cool  in  a 
slowly  decreasing  Bunsen  flame. 

11.  The  reduction  of  U,0,  to  UO,,  as  recommended  by  Rose 
for  the  purpose  of  control,  was  found  unreliable. 

12.  The  estimation  of  uranium  as  phosphate  is  easily  and  ac- 
curately done  when  the  precipitant  used  is  ammonium  phosphate, 
in  the  presence  of  ammonium  acetate.  The  precipitate  of 
UOjNH^PO^  on  boiling  becomes  crystalline,  and  is  easily  filtered 
and  washed.  The  ignited  precipitate  previous  to  weighing  should 
be  moistened  with  nitric  acid*  (sp.  gr.  1.42),  dried  and  reignited 
at  low  redness  in  a  porcelain  crucible.  Above  this  tempera- 
ture, and  especially  so  in  platinum,  a  reduction  of  the  (UO,),P|0, 
always  occurs.  Whenever  this  happens  it  may  be  reoxidized  to 
(UO,),P,0.  by  moistening  the  greenish  mass  with  nitric  add  (sp. 
gr.  1.42)  and  reigniting  at  low  redness.  The' ignitions  should 
be  done  in  porcelain. 

13.  The  most  rapid  determination  of  uranium  is  accomplished 
by  reducing  a  sulphate  solution  by  means  of  pure  metallic  zinc 
and  titrating  it  with  standard  potassium  permanganate  solution 
in  an  atmosphere  of  carbon  dioxide.  The  reductions,  whether 
made  by  means  of  metallic  zinc,  aluminum,  magnesium,  or  in  a 
long  Jones  reductor,  were  in  all  cases  complete,  and  the  results 
obtained  were  concordant  with  those  obtained  gravimetrically. 

14.  When  hydrochloric  acid  solutions  of  uranium  are  reduced 
by  means  of  metallic  zinc,  aluminum  or  magnesium,  the  reduc- 
tion goes  lower  than  UCI4.  It  approached  and  in  several 
cases  reached  the  subchloride  UCl,.  When  stannous  chloride 
is  used  the  results  are  utterly  unreliable ;  so  no  reduction  of 
uranium  in  an  hydrochloric  acid  solution  can  be  used  for  the  esti- 
mation of  uranium. 

This  work  was  suggested  by  Dr.  Edmund  H.  Miller,  and  carried 
out  under  his  direction. 

QUANTZTATXVB  I«ABORATORY,  HAVBMBYBS.  HALL, 

Columbia  Univbbsity,  May,  1901. 
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THE  recent  articles  on  **  The  Preparation  of  an  Exact  Stand- 
ard Acid ' '  and  * '  The  Electrolysis  of  Copper  Sulphate  as  a 
Basis  for  Acidimetry,"  by  Higgins*  and  Kohn,*  respectively, 
both  of  whom  appear  to  have  overlooked  the  fact  that  this  electro- 
lytic method  for  standardizing  acids  was  introduced  by  Hart  and 
Croasdale*  more  than  ten  years  ago,  have  suggested  that  a  series 
of  results  obtained  by  the  writer,  in  a  comparative  study*  of 
'*  Methods  of  Standardizing  Reagents  Used  in  Acidimetry  and 
Alkalimetry,"  would  add  something  of  interest  and  value  on  the 
subject,  especially  to  such  as  are  interested  in  volumetric  analysis. 

The  special  object  in  this  study  was  to  determine  the  most 
exact  method  of  standardizing  a  solution  of  acid  for  subsequent 
use  as  ''standard  add,"  this  being  the  ultimate  and  practical 
purpose  of  any  basis  for  acidimetry. 

Six  different  methods  of  standardizing  acid  solutions  were 
investigated  and  compared : 

1.  The  silver  chloride  method  of  standardizing  hydrochloric 
acid  with  some  modifications  and  improvements  as  to  manipulation. 

2.  The  method  of  standardizing  sulphuric  acid  by  weighing  as 
ammonium  sulphate,  as  recommended  by  Wenig.^ 

3.  The  method  of  using  metallic  sodium,  introduced  by  Hartley* 
and  improved  by  Neitzel.' 

4.  The  method  of  standardizing  adds  by  use  of  pure  crystal- 
lized borax. 

5.  The  method  based  upon  the  electrolysis  of  copper  sulphate, 
introduced  by  Hart  and  Croasdale*  and  strongly  recommended  by 
Hart*  and  recently  rediscovered  by  Kohn.'* 

1  J.  Soc.  Chem.  Ind.y  19,  958  (1900). 

•  /Wrf..  19,  96?  (1900)- 

*y.  Anal.  Ckem.^  4,  434  (1890). 

•  Author's  unpublished  thesis  for  the  degree  of  Mssterof  Science,  Cornell  University, 
1894.  Acknowledgment  is  made  of  valuable  suggestions  from  Dr.  G.  C.  Caldwell,  under 
whose  supervision  this  work  was  done. 

^  Zlsckr.  angew.  Chem^  (1892)1  204. 

•  Qmar.  Jour,  Chem.  Soc.^  36»  123  (1873). 
7  Ztschr.  anaL  Cktm.^  3a,  423  (1893). 
*y.  Anal.  Chem.y  4,  424  (1890). 

•Ibid,,  6,^1  (189a). 
^^J.  Soe.  Chem.  Ind,^  19,  962  (1900). 
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6.  The  method  of  standardizing  oxalic  acid  by  means  of 
metallic  iron  and  potassium  permanganate. 

Before  the  details  of  the  results  obtained  in  this  work  are 
considered,  it  is  desired  to  call  attention  to  two  questions  which 
have  important  effects  upon  accuracy  in  different  methods  of 
standardizing : 

1.  Is  the  method  of. standardizing  direct  or  indirect  ? 

2.  Is  the  actual  error  which  may  be  made  in  the  determination 
of  the  substance  which  is  brought  to  the  balance  mathematically 
increased  or  diminished  by  computing  to  the  equivalent  amount 
of  the  add  standardized  ? 

In  considering  the  first  question  a  classification  may  be  made 
of  (i)  direct,  (2)  indirect,  and  (3)  doubly  indirect  methods,  the 
direct  methods  requiring  only  a  gravimetric  determination,  the 
indirect  requiring  a  gravimetric  and  a  volumetric  determination, 
or  a  weighing  and  a  titration,  and  the  doubly  indirect  methods 
requiring  one  weighing  and  two  titrations. 

The  silver  chloride  and  ammonium  sulphate  methods  are  direct, 
the  chlorine  being  precipitated  and  weighed  as  silver  chloride, 
and  the  sulphuric  acid  being  neutralized  and  weighed  as  ammo- 
nium sulphate. 

The  metallic  sodium  and  borax  methods  are  indirect,  the 
sodium  and  the  borax  each  being  weighed  and  then,  after  being 
put  in  solution,  titrated  to  standardize  the  acid. 

The  copper  sulphate  and  iron-permanganate  methods  are  doubly 
indirect,  each  requiring  one  weighing  and  two  titrations.  The 
copper  is  deposited  and  weighed,  the  small  amount  of  sulphuric 
add  liberated  titrated  against  an  alkaline  solution,  and  this  in 
turn  titrated  to  standardize  the  permanent  add  solution.  The 
iron  is  likewise  weighed,  then  put  into  solution,  titrated  against 
permanganate  solution,  and  this  solution  titrated  against  the 
oxalic  acid. 

To  answer  the  second  question  we  must  compare  the  weight  of 
the  substance  which  is  brought  to  the  balance  with  the  weight  of 
the  equivalent  (but  not  equal)  amount  of  the  standard  add.  In 
all  of  the  methods,  one  of  the  numbers  from  which  the  strength 
of  the  standard  acid  is  calculated  is  obtained  by  using  the  balance. 
The  substance  weighed  is  our  real  basis  for  computation.  In  the 
two  direct  methods  it  is  silver  chloride  and  ammonium  sulphate ; 
in  the  indirect  methods  it  is  sodium  and  borax,  and  in  the  doubly 
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indirect  methods  it  is  copper  and  iron.  The  accuracy  of  the 
manipulation  and  the  purity  of  the  substance  are  important  factors 
in  obtaining  correct  weights  of  these  substances,  and  the  ratio 
which  a  g^ven  quantity  of  the  weighed  substance  bears  to  the 
equivalent  amount  of  the  acid  standardized  is  an  important  con- 
sideration. Following  is  a  tabular  statement  arranged  to  show  a 
comparison  of  these  ratios  in  the  six  methods,  the  numbers  being 
determined  by  the  reactions  in  each  case  and  reduced  to  the  basis 
of  monobasic  add : 


Substances 
weighed. 

Bqulvalent  weights 
of  add. 

Riatios 
existing. 

M3-39  AgCl 

36.46  HCl 

I  :  0.25 

66.10  (NH4),S04 

49.04  H,S04 

I  :  0.74 

23.06  Na 

36.46  HCl 

I  :  1.58 

191. 15  NajBfOT.ioHsO 
31.80  Cu 

36.46  HCl 
49.04  H,S04 
36.46  HCl 

I  :o.i9 
I  :i.54 
I  :  1.15 

56.00  Fe 

45.01  H,C,04 

I  :o.8o 

From  this  table  it  can  be  seen  that  an  error  of  i  mg.  in  the 
purity  or  in  the  manipulation  in  securing  the  weight  of  the 
sodium  would  cause  an  error  of  i  .58  mg.  in  the  equivalent  amount 
of  standard  hydrochloric  add ;  while  the  same  error,  i  mg. ,  in 
obtaining  the  weight  of  borax  would  cause  an  error  of  only  0.19 
mg.  in  the  equivalent  amount  of  standard  add.  In  other  words, 
an  error  of  i  mg.  in  obtaining  the  weight  of  sodium  would  have 
the  same  influence  on  the  accuracy  of  the  determination  of  the 
strength  of  the  standard  add  ^s  would  an  error  of  8.3  mg.  in 
obtaining  the  weight  of  borax,  equivalent  amounts  of  each 
(sufficient  to  neutralize  the  same  quantity  of  add)  being  taken. 
Similarly,  i  mg.  error  in  obtaining  the  weight  of  copper  would 
have  the  same  influence  on  standard  sulphuric  acid  as  would  an 
error  of  6.2  mg.  in  the  weight  of  silver  chloride  on  standard 
hydrochloric  add.  These  are  certainly  considerations  which 
should  be  taken  into  account,  as  they  may  very  materially  affect 
the  possible  accuracy  of  methods. 

Following  are  statements  of  results  obtained  by  each  method 
with  as  brief  descriptions  as  seem  practicable  of  processes  of 
manipulation : 

I.  Silver  Chloride  Method. — Standardizing  hydrochloric  add 
by  predpitating  with  silver  nitrate  and  weighing  the  silver 
chloride. 


730  CYRIL  G.    HOPKINS. 

A  solution  of  hydrochloric  acid  of  about  one-fourth  normal 
strength  was  prepared  for  standardizing.  Portions  of  the  add 
solution  were  measured  out  with  a  pipette,  the  exact  capacity  of 
which  was  found  by  calibration  with  mercury  to  be  50.06  oc. 
The  solution  was  delivered  into  a  250  cc.  Brlenmeyer  flask  pro- 
vided with  a  clean,  smooth,  close-fitting,  solid  rubber  stopper, 
the  pipette  being  rinsed  with  a  few  cubic  centimeters  of  pore 
water  (which  was  added  to  the  measured  add),  and  then  dried 
before  again  being  used.  All  measurements  were  reduced'  to  a 
uniform  temperature  of  20**  C. 

A  sufficient  quantity  (as  determined  by  stoichiometric  compu- 
tation) of  a  5  per  cent,  solution  of  silver  nitrate  to  nearly,  bat 
not  quite  completely,  precipitate  all  of  the  chlorine,  was  at  once 
added,  the  necessary  additional  quantity  being  added  in  less  than 
I  cc.  portions.  The  flask  was  closed  with  a  rubber  stopper*  and 
shaken  after  each  addition,  so  that  the  precipitate  would  settle 
and  it  could  easily  be  known  when  sufficient  precipitant  had  been 
added,  a  large  excess  of  silver  nitrate,  which  would  possess  some 
solvent  action  on  the  silver  chloride  and  necessitate  much  washing 
for  its  complete  removal  from  the  precipitate,  thus  being  avoided. 

After  the  precipitation  was  complete,  the  flask  was  shaken 
until,  after  standing  a  short  time,  the  supernatant  liquid  became 
perfectly  clear.  It  was  then  allowed  to  stand  in  an  inclined 
position  until  the  precipitate  settled  down  quite  compactly  in  the 
bend  of  the  flask.  The  solution  was  then  poured  off  through  a 
Gooch  crucible  as  completely  as  possible  without  transferring 
more  than  a  mere  trace  of  the  precipitate.  The  flask  was  then 
set  aside  in  an  inclined  position,  such  that  the  precipitate  was 
not  at  the  lowest  point,  where  the  remaining  liquid  would  collect. 
After  two  or  three  minutes  the  liquid,  which  had  drained  out  of 
the  precipitate,  was  also  poured  through  the  filter.  About  100 
cc.  of  pure  water  containing  a  trace  of  nitric  add,'  sufficient  only 
to  make  it  distinctly  add,  were  now  poured  into  the  flask,  which 
was  then  closed  and  thoroughly  shaken,  the  precipitate  allowed 
to  settle,  and  the  liquid  twice  decanted  just  as  before.     This 

1  Schulze  :  "  Expansion  of  I^iqoidsin  Glaat  Veasels,"  Zischr.  anal.  Ckern.,  ai,  167  (18S2). 
*  Whenever  the  stopper  is  removed  it  must,  of  course,  be  ctrefuUy  rinsed  off  ittCo  the 
flask. 

s  In  perfectly  pure  water,  silver  chloride  does  not  cohere  well,  but  remains  persisteatlj 
in  very  fine  particles ;  indeed,  after  it  has  been  well  collected  in  large  particles  bj  faciBf 
shaken  in  an  add  solution,  it  will  separate  again  into  fine  particles  if  shaken  with  pnie 
ter. 


Solution 

ARC! 

AgCl  from  50.06  cc. 

taken. 

Temper- 

found. 

atao*. 

cc. 

ature. 

Gram. 

Gram. 

I 

50-o6 

20.0® 

1. 93 10 

1. 9310 

2 

50.06 

20.0** 

I.9312 

I.9312 

3 

50.06 

23.5** 

19295 

I.93IO 

4 

50.06 

235** 

1.9292 

1.9307 

5 

50.06 

22.0® 

I.9301 

1.9309 

6 

50.06 

22.0* 

1. 9301 

1.9309 
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treatment  was  repeated  with  another  loo  cc.  of  the  wash-water, 
after  which  the  precipitate  was  again  shaken  with  the  wash- 
water  and  then  transferred  to  the  crucible.  The  last  traces  are 
quickly  and  easily  and  completely  transferred,  simply  by  the  use 
of  a  good  "  spritz  '*  bottle,  the  flask  being  inclined  mouth  down- 
ward over  the  crucible  and  rotated  during  the  operation.  The 
"  transfer  "  wash- water  gave  no  test  for  silver.'  The  precipitate 
was  heated  in  the  air-bath  at  130^  to  150^  to  constant  weight. 
Six  determinations  gave  the  following  results : 

HCl  in  I  cc. 
atao*. 
mg. 

9.808 
9.800 
9.808 

9.807 
9.808 
9.808 

Another  solution  of  hydrochloric  acid  of  slightly  greater 
strength  was  subsequently  standardized  by  using  the  method 
just  described,  and  in  doing  this  work  an  attempt  was  made  to 
determine  the  exact  loss  of  silver  chloride  (if  there  be  any  loss) 
incurred  by  this  method  of  washing.  In  the  following  determi- 
nations, Nos.  I,  2,  3,  and  4  were  washed  exactly  as  described 
above,  while  Nos.  5  and  6  were  washed  just  five  times  as  much 
by  exactly  the  same  method  of  washing.  Regularly  three  por- 
tions of  100  cc.  each  of  liquid  are  decanted  from  the  precipitate, 
and  the  precipitate  is  then  transferred  with  a  too  cc.  portion  of 
wash  liquid ;  but  in  Nos.  5  and  6  (below)  this  fourth  100  cc. 
portion  was  also  decanted  each  time  until  the  last  of  the  five 
complete  washings,  when,  of  course,  it  was  used  in  transferring 
the  precipitate.  Furthermore,  in  order  that  the  solvent  action  of 
the  five  complete  washings  should  produce  an  effebt  equal  to  five 
times  the  effect  of  the  one  necessary  washing,  an  addition  of  i  cc. 
of  the  silver  nitrate  solution  was  made  to  the  first  100  cc.  of  wash- 
water  used  in  each  of  the  four  extra  washings. 

1  When  working  with  duplicates  this  method  of  washing  by  thorough  decantation 
takes  littie  extra  time,  and  not  more  than  i  or  2  cc.  of  liquid  will  be  left  in  the  precipitate. 
The  ezoess  of  silver  nitrate  solution  added  in  the  precipitation  contains  only  about  50  mg. 
of  silver  nitrate,  and  the  volume  of  liquid,  when  the  precipitation  is  complete,  is  at  least 
100  cc.  Suppose  that  5cc.  of  this  remains  with  the  precipitate  after  shaking  and  decant- 
ing ;  by  theory  this  should  retain  only  2.5  mg.  of  silver  nitrate.  After  the  second  xoo  cc.  is 
decsnted,  about  o.r  mg.  of  silver  nitrate  would  be  left  in  the  flask,  and,  after  the  third 
decantation,  only  0.005  mg.,  an  unweighable  quantity,  of  silver  nitrate  would  remain  with 
the  silver  chloride  precipitate.  The  fact  that  not  a  trace  of  silver  was  found  in  the  wash- 
water  after  the  transfer  of  the  precipitate  proves  this  theory  correct  in  practice. 
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Six  determinations  gave  the  following  results  :^ 

HCl  in  I  oc  at  ao*. 
Mg. 

1 10.297 

2 1 0. 295 

3 '••••      10.296 

4 ••     10.295 

5 • 10.297 

6 10.292 

The  results  show  that  there  is  certainly  no  appreciable  loss  of 
silver  chloride  by  this  process  of  washing. 

These  twelve  results  (in  two  sets)  include  all  of  the  determina- 
tions which  were  made  by  the  method  just  described  ;  in  other 
words,  all  results  obtained  are  here  reported.  These  results  and 
seven  years  of  subsequent  experience'  with  the  method  lead  me 
to  confidently  assert  that  by  this  method  a  skilled  manipulator 
can  easily  and  quickly  make  determinations  of  hydrochloric  add 
within  a  limit  of  error  of  0.5  mg.  of  silver  chloride  on  2  grams  of 
precipitate. 

2.  Ammonium  Sulphate  Method, — Standardizing  sulphuric  add 
by  neutralizing  the  acid  solution  with  ammonium  hydroxide, 
evaporating  to  dryness,  and  weighing  the  ammonium  sulphate. 
This  was  first  recommended  in  1892  by  M.  Wenig.* 

A  solution  of  about  one-fourth  normal  sulphuric  add  was  used. 
Portions  of  50.06  cc.  were  measured  out  and  delivered  into  a 
weighed  platinum  dish.  Ammonium  hydroxide  was  then  added 
in  slight  excess,  the  solution  evaporated  to  dryness  on  the  water- 
bath,  and  the  residue  dried  to  constant  weight  at  120^. 

The  ammonium  hydroxide  was  distilled  just  before  using.  The 
sulphuric  acid  was  free  from  nitrogen  and  the  residue  of  ammo- 
nium sulphate  was  completely  volatile  upon  gentle  ignition, 
showing  the  absence  of  fixed  bases. 

Six  determinations  of  the  sulphuric  add  in  the  standard  goln- 

>  These  figures  are  taken  from  a  copy  of  the  thesis  already  referred  to.  The  labon- 
tory  note^book  in  which  the  full  record  of  the  determinations  was  preserved  has  been 
subsequently  lost  in  a  fire,  hence  the  comfftete  data,  including  weighta  of  silver  chloride 
etc.,  cannot  be  given. 

<  The  following  are  duplicate  determinations  on  four  different  solutions  of  hydrodhlo- 
ric  add  which  have  been  standardised  in  the  course  of  ordinary  woiIe  (weights  of  silver 
chloride  are  given)  : 

1.  a.  3.  4< 

Grftzns.  Gfams.  Grams.  Gnm&. 

AgCl  found  j'  '■'♦••3  '-^  '■"»  >.»»5 

*  (3  1-4X04  1*4064  1.2177  I>239S 

*  Ztseht.  angew,  Oum.^  1892,  p.  204. 
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tion  were  made  by  this  method,  with  the  following  results  (in 
No.  2  a  slight  mechanical  loss  of  ammonium  sulphate  occurred) : 


Solution 

(NH4),S04 

(NH4)s804  from 

H1SO4  in  I  cc. 

Uken. 

found. 

50.06  cc.  at  ao^. 

at  ao*. 

cc. 

Temperature. 

Gram. 

Gram. 

mff. 

1 

50.06 

19.5° 

0.7808 

0.7807 

11.570 

2 

50.06 

19.5° 

0.7795  (?) 

0.7794  (?) 

11.549  (?) 

3 

50.06 

20.5° 

0.7806 

0.7807 

11.570 

4 

50.06 

20.5O 

0.7809 

0.7810 

11.574 

5 

50.06 

19.0° 

0.7809 

0.7807 

11.570 

6 

50.06 

19.0^ 

0.7808 

0.7806 

11.569 

No.  2  being  omitted,  these  weights  of  ammonium  sulphate 
from  50.06  cc.  of  solution,  at  20®,  agree  within  0.4  mg.  on  nearly 
0.8  gram  of  residue  and  they  indicate  that  this  method  of  stand- 
ardizing sulphuric  add  is  exceedingly  accurate!  The  method  is 
certainly  simple  and  rapid.  A  comparison  of  the  results  obtained 
by  this  and  the  other  methods  is  given  below. 

3.  Sodium  Method. — Standardizing  acids  by  the  use  of  metallic 
sodium. 

The  use  of  metallic  sodium  as  a  basis  for  addimetry  was  first 
recommended  in  1873  by  Hartley.'  In  1893  Neitzel*  suggested 
that  the  sodium  be  weighed  under  petroleum  in  a  small  beaker 
instead  of  in  weighing-tubes  as  recommended  by  Hartley. 

I  found  a  small  glass-stoppered  weighing-bottle  to  be  an  im- 
provement over  the  beaker,  as  the  petroleum  is  appredably  vola- 
tile at  the  ordinary  temperature.  The  petroleum  was  distilled 
over  sodium  before  being  used,  that  portion  being  taken  which 
distilled  above  200^. 

The  sodium  was  cut  out  as  rapidly  as  possible  from  a  block  of 
the  metal,  a  piece  with  dean  metallic  surfaces  being  thus  ob- 
tained. With  a  pair  of  forceps,  it  was  guickly  placed  into  a  weigh- 
ing-bottle containing  su£Eident  petroleum  to  cover  it.  After  being 
wdghed,  the  sodium  was  dissolved  in  neutral  alcohol  in  an  Er- 
lenmeyer  flask  which  was  connected  with  a  reflux  condenser. 
The  solution  was  diluted  with  water  (poured  in  through  the  con- 
denser tube)  and  then  titrated  against  standard  acid. 

Phenolphthalein  was  used  as  an  indicator,  giving  a  very  sharp 
and  satisfactory  *'  end-reaction.'* 

The  burette  used  was  carefully  calibrated  and  the  burette  read- 
ings were  taken  to  hundredths  of  a  cubic  centimeter  as  accurately 
as  possible. 

1  Quar.J.  Oum.  Soc^  a6,  123  (1873). 
s  Ziachr.  anal.  Ckem.^  3a,  43a  (1893). 
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Six  determinations  gave  the  following  results  : 

Add  solution  at 


Metallic 
sodium 
taken. 
Gram. 

Add  (HCl) 
solution 
required, 
cc. 

Tempera- 
ture. 

Acid  solu-  ao*  required  for 
tion  required    0.7154  gram 
at  so'.              sodium.  1 
cc                      cc. 

HClia 

lOC. 

ataoP. 
mg. 

I 

0.8853 

142.10 

23.5** 

142.00             114-75 

9.857 

2 

0.6358 

101.95 

235** 

101.88             114.63 

9.867 

3 

0.9352 

150.45 

27.0® 

150.21              1 14.91 

9.843 

4 

0.7004 

112.40 

26.0* 

112.25              114.65 

9.865 

5 

0.6229 

100.00 

22.0** 

99.96              IT4.80 

9.853 

6 

0.5128 

82.47 

23.o*» 

82.42              114.98 

9.837 

As  standardized  by  the  silver  method  (average  of  six  determi- 
nations) this  acid  contained  in  i  cc.  9.808  mg.  hydrochloric  add. 

The  following  two  determinations  (only)  were  made  to  stand- 
ardize the  sulphuric  add  solution  by  use  of  metallic  sodium.  The 
results  follow  : 


MetalUc 
sodium 
taken. 
Gram. 

Add  (H«S04) 
solution 
required, 
cc. 

Tem- 
ture. 

Add  solution  at 
Add  solu-    9aP  required  for 
tion  required   0.5144^  gram 
at  ao*.             sodium.* 
cc.                     cc. 

in  ICC 

ata^. 

rag. 

I 

0.4750 

86.85 

^3° 

86.80               94.01 

".637 

2 

0.5539 

101.25 

»3° 

IOI.I9               93.98 

1 1. 641 

As  standardized  by  the  ammonium  sulphate  method  (averse 
of  the  five  trustworthy  determinations)  this  acid  contained  in  i 
cc.  1 1. 57 1  mg.  sulphuric  add. 

It  will  be  observed  that  the  results  obtained  by  the  sodium 
method,  with  both  hydrochloric  and  sulphuric  adds,  agree  well 
among  themselves,  considering  that  they  are  obtained  by  an  in- 
direct method  which  indudes  volumetric  determinations.  But  it 
will  also  be  observed  that  the  results  obtained  by  the  sodium 
method  are  invariably  higher  than  those  obtained  by  the  silver 
chloride  and  the  ammonium  sulphate  methods.  Without  doubt 
this  discrepancy  is  due  to  impurities  contained  in  the  sodium 
itself.  Traces  of  carbon  and  iron  were  easily  detected,  and  the 
presence  of  potassium  was  revealed  by  the  spectroscope.  The 
presence  of  elements  of  higher  equivalent  weights  than  sodium 
was  indicated  by  converting  the  metal  to  sulphate.  Two  deter- 
minations gave  3.0783  and  3.0781  grams  sulphate  per  gram  of 
metal  taken,  while  by  theory  i  gram  sodium  is  equivalent  to 
3.0829  grams  sodium  sulphate.     Iron  and  potassium  would  each 

1  Average  amount  taken.  The  number  of  cubic  centimetera  given  in  this  column  are 
computed  for  each  separate  determination  to  show  in  cubic  centimeters  the  limit  of  error 
in  the  titrations. 

•  See  previous  foot-note. 
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retain  a  smaller  proportion  of  sulphuric  acid  radical  than  would 
sodium,  while  the  carbon  would  be  oxidized  and  lost. 

Although  the  sodium  used  in  this  work  was  shown  to  be  not 
perfectly  pure  and  its  titrating  value  to  be  not  absolutely  correct, 
so  that  results  of  the  highest  exactness  could  not  be  obtained  by 
using  the  sodium  as  a  substance  with  which  to  standardize  acids, 
nevertheless  its  titrating  value  was,  of  course,  constant  whether 
used  against  hydrochloric  or  sulphuric  acid  ;  and,  by  considering 
the  strength  of  the  standard  sulphuric  acid  as  determined  by  the 
ammonium  sulphate  method,  the  relation  found  between  the  sul- 
phuric acid  and  sodium,  and  that  found  between  the  sodium  and 
the  hydrochloric  acid,  we  have  all  the  necessary  data  for  compu- 
ting the  strength  of  the  hydrochloric  acid  determined  by  a  doubly 
indirect  method  (based  upon  the  ammonium  sulphate  determina- 
tions), independent  of  the  silver  method  or  the  sodium  method. 

By  using  the  average  of  the  five  satisfactory  determinations  of 
sulphuric  acid,  and  the  average  of  the  two  titrations  of  the  sul- 
phuric add  against  sodium  and  then  computing  through  the  six 
separate  titrations  of  sodium  against  hydrochloric  acid,  I  obtain 
the  following  values  (column  i)  for  r  cc.  of  the  hydrochloric  acid 
solution  (column  2  gives  the  results  obtained  by  the  direct  silver 
chloride  method,  and  column  3  those  obtained  by  the  regular 
sodium  method) . 

HCl  IN  I  cc.  S01.UT10N  AT  20°. 


X. 

Doubly  Indirect 

ammonitun  sulphate 

method. 

2. 

Direct 

silver  chloride 

method. 

Inmrect 

sodium 

method. 

I 

9.799 

9.808 

9.857 

2 

9.809 

9.809 

9.867 

3 

9.785 

9.808 

9-843 

4 

9.807 

9.807 

9-865 

5 

9.793 

9.808 

9-853 

6 

9.780 

9.808 

9-837 

It  is  interesting  to  observe  that,  within  the  limits  of  error  in 
titration,  the  results  which  are  based  upon  the  ammonium  sulphate 
method  are  in  perfect  agreement  with  those  obtained  by  the  direct 
silver  chloride  method. 

4.  Borax  Method, — Standardizing  acids  by  the  use  of  crystal- 
lized borax. 

This  method  is  recommended  by  Rimbach,*   by  whom  the 

1  Ber.  d.  ehem.  Ges.^  %6t  171  (1893). 
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method  was  also  employed  in  his  work  on  the  atomic  weight  of 
boron.* 

In  the  following  work,  C.  P.  borax  was  dissolved  in  water 
by  the  aid  of  heat.  As  the  solution  cooled,  crystals  began  to  form 
at  about  45^.  When  the  temperature  had  fallen  to  30°,  the 
mother-liquor  was  drained  off,  the  crystals  washed  with  cold 
water,  placed  on  drying  paper,  and  dried  at  the  room  temperature 
for  four  days,  being  turned  occasionally  to  insure  thorough  dry* 
ing.  To  standardize  an  acid,  the  crystallized  borax  is  simply 
weighed,  dissolved  in  water,  and  titrated  against  the  acid.  The 
standard  hydrochloric  add  montioned  as  havinc:  been  standardized 
by  the  silver  chloridp4SMC)i€a  aDdS<^s(JU>y  six  closely  agreeing  de- 
terminations to  c^^lSln  j.n,,i<)^inigi  nypbchlpric  add  in  i  cc.  at 
20^,  was  used  in/t*is  Rgdf.oQ   ini  o    ^  | 

Ten  determinlionsl^ISs^^^  made,  four  after 

four  days'  exposure  to  the  air,  fuui  af teynve  days* ,  and  two  after 
six  days'  expostireS)(C^j^^<^f^^^^K^^bein^  made  with  the  hy- 
drochloric acid  solutiolf'at  «u'*r*i^itmus,  a^  recommended  by 
Salzer,'  was  used  as  an  indicator  in  the  first  four  titrations ;  but 
the  end-reaction  was  not  sharp,  and  in  the  subsequent  titra- 
tions dimethyl  orange,  as  Rimbach  recommends,  was  used.  It 
was  very  satisfactory. 


NasB407.ioHsO 

Uken. 

After  four  days. 

Grams. 

Acid  required  ' 
ataoP. 
cc. 

Add  solution 

at  ao^  required  for 

5.4^  grams 

cc. 

HCIin 

ICC 

atao^. 
mg. 

I 

5.3481 

99.1 

IOI.81 

10.294 

2 

5.5075 

102. 1 

101.86 

ia289 

3 

5.3044 

98.4 

101.92 

10.282 

4 

5.2896 
After  five  days. 

98.1 

101.90 

10.284 

5 

5.4370 

101.05 

102.13 

10.263 

6 

5.5977 

104.05 

102.13 

10.262 

7 

5.4045 

100.37 

102.04 

10.271 

8 

5.4906 
After  six  days. 

102.05 

102.12 

10.262 

9 

5.2891 

98.60 

102.43 

10.231 

10 

6.2754 

117.05 

102.47 

10.226 

Although  the  results  obtained  on  one  and  the  same  day  agree 
well  with  themselves,  especially  when  dimethyl  orange  was  used 
as  the  indicator  ;  yet  the  results  indicate  that  the  borax  is  not 

1  Ber,  d.  chim.  Ges.,  96,  164  (1893). 

*  Ztschr.  anal.  Ckem.^  3a,  529  (1893). 

*  Average  amount  taken. 
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constant,  but  that  it  continually  loses  water  of  crystallization. 
To  test  this  point  further,  samples  of  the  borax  which  had  been 
dried  by  exposure  to  the  air  for  six  days  were  weighed  out  and 
allowed  to  stand,  exposed  to  the  air  but  protected  from  the  dust. 
Following  are  the  weights  of  the  two  samples  on  several  sub- 
sequent days  : 

No.  of  days 
drying. 

6 

7 
9 

lO 


Weight 

of  borax. 

I. 
Grams. 

2. 
Grams. 

9.2214 

10.0762 

9.2132 

10.0646 

9.1920 

10.0396 

91738 

10.0135 

\ 


It  is  evident  that  the  borax  continually  lost  water  of  crystalli- 
zation whether  exposed  to  the  air  on  drying  paper  or  kept  in  open 
vessels.  Rimbach  found  that  crystallized  borax  remained  con- 
stant after  three  or  four  days'  drying,  if  kept  in  the  air  at  the  or- 
dinary temperature,  but  that  it  lost  weight  readily  when  placed 
in  dry  air.  Of  course  if  the  temperature  and  humidity  of  the  air 
were  such  that  the  vapor-pressure  of  the  atmospheric  moisture 
exceeded  that  of  crystallized  borax,  then  the  salt  would  not  efflo- 
resce ;  and  Rimbach  may  possibly  have  wprked  under  such  con- 
ditions. 

Copper  Sulphate  Method, — Standardizing  acids  by  use  of  the 
sulphuric  acid  set  free  in  the  electrolysis  of  copper  sulphate. 
This  method  was  introduced  by  Hart  and  Croasdale*  in  1890. 
It  consists  in  subjecting  a  solution  of  pure  copper  sulphate  to 
electrolysis,  weighing  the  copper  deposited,  titrating  the  liberated 
acid  against  an  alkaline  solution,  and  then  using  the  alkali  in 
standardizing  a  permanent  acid  solution.  It  is  thus  a  doubly  in- 
direct method. 

In  the  following  work  platinum  dishes  were  used  for  the  nega- 
tive electrodes.  The  strength  of  current  used  corresponded  to 
about  3.5  cc.  of  oxyhydrogen  gas  per  minute.  The  acid  set  free 
was  titrated  against  approximately  one-tenth  normal  solution  of 
sodium  hydroxide  made  from  metallic  sodium.  The  alkali  was 
then  titrated  against  standard  hydrochloric  acid. 

The  copper  sulphate  was  tested  for  acidity  with  methyl  orange 
and  found  to  be  perfectly  neutral.  Tests  for  other  bases  than 
copper  gave  negative  results.     After  the  liberated  acid  had  been 

1  A  Anal,  Ckem.^  4,  434  (1890). 
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transferred  and  the  platinum  dish  well  rinsed  with  pure  water,  the 
deposited  copper  was  washed  with  absolute  alcohol  and  the  dish 
dried  at  the  temperature  of  the  hands,  excepting  in  determina- 
tions I  and  2,  in  which  the  alcohol  was  drained  out  well  and  the 
last  traces  burned  out  as  directed  by  Hart  and  Croasdale.  In  de- 
termination 2,  some  of  the  copper  turned  bluish  green,  indica- 
ting the  formation  of  a  salt  of  copper  combined  with  some  inter- 
mediate add  product  of  combustion.  Because  of  this  fact  No.  2 
is  not  considered  a  trustworthy  determination. 

Because  of  the  large  influence  on  the  accuracy  of  the  final  re- 
sults of  any  error  in  weighing  the  copper  the  weights  were  all 
taken  by  the  method  of  oscillations.^  The  relation  between  the 
standard  hydrochloric  acid  and  the  sodium  hydroxide  solutions 
was  determined  by  titration  as  follows  : 

1  50.06  cc.  acid  required  119.37  cc.  alkali. 

2  50.06  "      •*  **        "9.45 

3  50.06  *•      ••  "        119.41 
Average  i       **      **          "  3.3853  cc.  alkali. 

Following  are  the  results  of  eight  determinations  of  the  strength 
of  a  standard  hydrochloric  acid  as  ascertained  by  means  of  the 
copper  sulphate  method  : 

.  NaOH  aolution  re- 

HCl 
in  I  cc 
at  vP 

9.796 
9.954  (?) 

9.793 
9.823 

9.815 
9.816 

9.833 
9.785 

The  following  table  gives  a  series  of  results  obtained  by  Hart 
and  Croasdale'  in  standardizing  a  solution  of  sulphuric  add  by 
this  method,  and,  for  comparison,  the  results  of  my  own  determi- 
nations as  just  given  (except  that  they  are  reduced  to  0.5  cc.  add 
solution  to  make  the  results  more  comparable,  my  add  being  very 
much  stronger  than  theirs) ;  and  also  my  results  obtained  on  the 
same  acid  solution  by  the  direct  silver  chloride  method,  and  on  a 

1  Kohlrausch's  "  Physical  Measurements,"  p.  33,  (1891). 
*  /.  Anal.  Chem.^  4,  436  (1890). 


Copper         quired  to  neutralize 
deposited            the  liberated 
from  CUSO4.                HtS04. 
Gram.                        cc. 

HCl  solution 
equivalent 

ataoo. 
cc 

I 

0.15349 

42.85 

17.964 

2 

0.16664  (?) 

45.78 

19.192 

3 

0.15596 

43.45 

18.216 

4 

0.14853 

41.35 

17.336 

5 

O.I  67 19 

46.58 

19.528 

6 

O.I  492 1 

41.57 

17.428 

7 

0.16468 

45.80 

19.201 

8 

0.19207 

53.68 

22.505 
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sulphuric  acid  solution  by  the  ammonium  sulphate  method  (also 
reduced  to  0.5  cc). 


Hart  and  Croaadale. 

Copper  sulphate 

method, 

HtS04  in  X  cc. 

mg. 

Hopkins. 

Coi>per  sulphate 

method, 

HCl  in  i  cc. 

mg. 

Hopldns. 

Silver  chloride 

method. 

HCl  in  i  cc. 

mg. 

Hopkins. 

Ammonium  sulphate 

method, 

HsS04  in  4  cc. 

mg. 

4.814 

4.898 

4.904 

5.785 

4.802 

4.897 

4.905 

5.785 

4.791 

4.912 

4.SO4 

5.787 

4.799 

4.908 

4.904 

5.785 

4.819 

4.908 

4.904 

5.78s 

4.81 1 

4.917 

4.904 

.  •  •  ■ 

4.767 

4.893 

•  •  •  • 

•  •  •  • 

Maximum  \  ^  ^^^ 
variation  r-^52 

0.024 

O.OOI 

0.002 

The  copper  sulphate  method  of  standardizing  acids  gives  fairly 
satisfactory  results,  but  it  falls  far  short  of  the  direct  silver  chlo- 
ride and  ammonium  sulphate  methods  in  accuracy.  The  reason 
for  this  is  found  both  in  the  substances  used  and  in  the  number 
of  manipulations.  First,  the  ratio  of  the  substance  weighed  to 
the  acid  determined  is  such  that  an  error  in  obtaining  the  weight 
of  copper  vitiates  the  final  result  five  or  six  times  as  much  as  an 
equal  error  in  weighing  silver  chloride,  and  twice  as  much  as  an 
equal  error  in  weighing  ammonium  sulphate.  Further,  the 
amount  of  copper  which  can  be  conveniently  deposited  in  suitable 
condition  for  washing  and  weighing  is  relatively  and  absolutely 
smaller  than  the  amounts  of  silver  chloride  or  of  ammonium  sul- 
phate conveniently  manipulated.  But  the  still  more  serious  ob- 
jection to  the  method  is  the  fact  that,  even  after  the  weight  of 
copper  is  obtained,  two  volumetric  determinations  are  necessary 
before  the  strength  of  the  permanent  acid  solution  can  be  ascer- 
tained. 

In  a  second  paper*  on  *  *  Copper  Sulphate  as  a  Material  for 
Standardizing  Solutions,''  Dr.  Hart  appears  to  have  overlooked 
these  objections,  as  may  be  seen  from  the  following  quotation  : 

"A  committee  of  the  Association  of  Official  Agricultural  Chem- 
ists have  compared  our  method  (Hart  and  Croasdale's  method) 
with  others,  and  speak  well  of  it.  I  doubt  whether  their  report 
adds  to  the  evidence  in  either  direction,  however,  since  their  ulti- 
mate standard  was  a  solution  of  hydrochloric  add,  the  strength 
of  which  was  determined  with  silver  nitrate.  •  Every  chemist 

<  J.  Anal.  Appl,  Chtm.,  6,  421  (1893). 
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knows,  however,  that  it  is  an  easy  matter  to  make  an  error  of 
half  a  milligram  in  any  method  involving  a  precipitation  and  the 
transfer  of  a  precipitate  ;  Croasdale's  results  and  those  of  Rich- 
ards show  that  the  error  involved  is  much  less  when  copper  is  de- 
termined by  the  battery  method,  and  that  we  can  probably  deter- 
mine copper  more  accurately  than  any  other  element,  consequently 
that  our  method  should  be  taken  as  the  standard  and  others 
referred  to  it.*' 

No  question  need  be  raised  in  regard  to  the  exactness  of  the 
electrolytic  assay  of  copper.  It  is  a  direct  and  absolute  method 
for  the  determination  of  copper,  but  the  method,  based  upon 
that  determination,  of  using  the  liberated  acid  for  standardizing  a 
permanent  acid  solution  by  making  two  volumetric  determina- 
tions, and  computing  from  the  low  equivalent  weight  of  copper 
(as  compared  with  that  of  silver  chloride)  is  very  indirect  and 
not  exceedingly  accurate;  and  this  comparative  study  of  methods 
of  standardizing  acids  has  convinced  the  writer  that  the  objections 
mentioned  to  the  copper  sulphate  method  are  applicable  and  valid; 
also  that  the  silver  chloride  method  (as  described)  and  the  ammo- 
nium sulphate  method  are  extremely  accurate  and  satisfactory 
for  standardizing  solutions  of  hydrochloric  and  sulphuric  acids, 
respectively/ 

Unxvbrsity  op  Illinois. 
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SOME  EXPERiriENTS  WITH  THE  HONONITROORTHO- 

PHTHALIC  ACIDS. 

By  Marston  Taylor  Boobrt  and  I^bopold  Boroschrk. 

Received  August  x.  1901. 

ALTHOUGH  both  mononitro-^-phthalic  acids  have  long  been 
well  known,  yet,  of  their  derivatives,  with  the  exception  of 
their  salts  and  esters,  only  the  anhydride,  imide,  and  anil  have 
been  described.  It  seemed,  therefore,  of  interest  to  prepare  some 
of  the  other  derivaties  of  these  acids  and  to  study  their  proper- 
ties, and  the  present  paper  records  our  first  experiments  along 
this  line. 

1  The  iron-permanganate  method  gave  fairly  accurate  results  as  a  method  for  stand- 
ardizing oxalic  add.  It  is  no  more  indirect  and  no  less  accurate  (if  the  purity  of  the  iron 
be  known)  than  the  copper  sulphate  method.  It  is  thought  that  a  detailed  dcscriptioB 
here  of  the  work  done  upon  the  iron*  permanganate  method  would  not  be  of  special  inter- 
est or  value. 
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Naturally,  the  first  question  to  be  decided  was  as  to  the  best 
method  for  the  preparation  of  the  pure  acids  themselves.  Our 
experience  has  shown  that  the  direct  nitration  of  phthalic  acid 
itself,  or  of  its  anhydride,  gives  good  yields  of  the  pure  3,nitro-£?- 
phthalic  acid,  but  that  as  a  method  for  the  preparation  for  the 
isomeric  4,nitro  add  it  is  not  so  good  as  that  depending  upon 
the  oxidation  of  ^-nitrophthalide  with  alkaline  potassium  perman- 
ganate. 

Of  the  derivatives  of  the  3,nitro-(?-phthalic  acid,  we  have  pre- 
pared and  studied  the  acid  aniline  and  ^-toluidine  salts,  a  new 
acid  ethyl  ester,  the  imide,  amide,  amidic  acid,  ethylimide,  anil, 
anilic  acid,  ortho-,  meta-,  and  paranitranils,  ortho-,  meta-,  and 
paratolils,  and  the  hydrazide. 

Of  the  4, nitro-^- phthalic  acid,  the  following  derivatives  are 
described :  Acid  aniline  salt,  a  new  acid  ethyl  ester,  anhydride, 
imide,  amide,  amidic  acid,  ethylimide,  anil,  anilic  acid,  ortho-, 
meta-,  and  paranitranils,  ortho-,  meta-,  and  paratolils,  /-tolilic 
acid,  and  hydrazide  ;  also  the  corresponding  azophthalic  acid  and 
azophthalide. 

By  the  action  of  phosphorus  pentachloride  upon  the  anhydride 

of  the  3,nitro-(?-phthalic  acid,  the  anhydride  of  the  3,chlor-^- 

phthalic  acid  was  formed,  and  from  this  the  free  acid  and  imide 

were  prepared. 

COOH 

/ 

{i,         2  —COOH 

5  3   —NO, 

a,  OR   3,NlTRO-^-PHTHAUC   ACID. 

Preparation  of  the  Acid, 

Method  of  Beilstein  and  Kurbatow} — One  part  of  a-nitronaph- 
thalene  is  dissolved  in  7  parts  of  90  per  cent,  acetic  acid,  and  5 
parts  of  chromic  anhydride  gradually  added.  When  the  reaction 
is  over,  dilute  with  water,  filter  out  unchanged  nitronaphthalene, 
extract  the  filtrate  with  chloroform,  to  retaove  nitrophthalide, 
boil  the  acetic  add  solution  with  barium  carbonate,  decompose 

1  Ann.  Oum.  (Uebig),  aoa,  aiy  (1880). 
>  Ber.  d.ckem,  Ges.,  iS,  3453j(i885)> 


742   MARSTON  TAYLOR  BOGERT  AND  LEOPOLD  BOROSCHEK. 

the  precipitated  barium  nitrophthalate  with  sodium  carbonate, 
acidify  with  sulphuric  acid,  collect  the  liberated  nitrophthalic 
acid  in  ether,  evaporate  the  ether,  and  crystallize  the  residue  from 
water. 

We  have  found  this  method  unsatisfactory  for  several  reasons. 
In  the  first  place,  the  reaction  proceeds  with  considerable  violence, 
prohibiting  the  use  of  large  amounts  of  materials,  while  attempts 
to  moderate  its  violence  only  result  in  the  formation  of  more 
resinous  by-products,  as  was  likewise  the  experience  of  Beilstein 
and  Kurbatow  ;^  yet,  in  spite  of  the  apparent  energy  of  the  reaction, 
considerable  of  the  nitronaphthalene  is  recovered  unchanged,  in 
some  cases  as  much  as  25  per  cent.  Then,  the  method  is  rather 
long  and  tedious,  the  yield  small  (25  per  cent,  of  theory)  and 
the  quality  of  the  resulting  add  poor,  the  crystals  invariably 
showing  a  low  melting-point  and  carrying  a  small  amount  of  a 
red  coloring-matter  from  which  they  are  freed  with  difficulty. 

Method  of  Miller,^ — ^This  is  the  process  generally  employed  for 
the  simultaneous  preparation  of  both  nitro-^-phthalic  adds.  It  is 
as  follows : 

Fifty  grams  of  ^-phthalic  acid  are  nitrated  in  a  roomy  flask  by  a 
mixture  of  75  grams  concentrated  sulphuric  add  and  75  grams 
fuming  nitric  acid,  the  flask  being  heated  two  hours  upon  the 
water-bath.  The  result  of  this  nitration  is  a  mixture  of  the  two 
nitro-^-phthalic  adds  and  picric  add,  together  with  unchanged 
phthalic  add,  acetic  add,  etc.  Towards  the  close  of  the  heating 
some  of  the  3,nitro  add  begins  to  separate  in  prisms.  The  mass 
is  then  allowed  to  cool  and  is  precipitated  by  the  addition  of 
water.  The  composition  of  the  precipitate  varies  with  the 
amount  of  water  added,  as  the  two  nitro-^-phthalic  adds  possess 
very  different  solubilities  in  dilute  mineral  adds:  240  cc.  of  water 
precipitate  mainly  the  3,nitro  acid,  while  half  this  amount 
throws  down  the  4,nitro  add  also.  This  difference  in  solubility 
cannot,  however,  be  used  as  a  means  of  separation  (for  the 
4,nitro  add,  at  least),  since  picric  acid  remains  in  solution  with 
the  4,nitro  add  and  combines  with  it  in  recrystallization;  hence,  it 
is  better  to  predpitate  both  nitrophthalic  adds  together,  although 
some  picric  acid  is  thus  always  carried  down,  apparently  in  onion 
with  the  4,nitro  add.     The  reaction  mixture  is,  therefore,  diluted 

I  Loc.  cii, 

*  Ann.  Chem.  (Meblg),  ao8i  223  (1881). 
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with  I20CC.  of  water,  allowed  to  stand  twelve  hours  in  a  cool 
place,  the  precipitate  filtered  out  upon  cloth,  and  the  acid  mother- 
liquor  removed  as  completely  as  possible  by  suction  and  pressure. 
The  precipitate  is  then  rubbed  up  with  a  little  water  and  extracted 
repeatedly  with  ether.  The  first  ether  extracts  contain  mainly 
the  4,nitro  acid  and  picric  acid,  and  are,  therefore,  yellow  in 
color,  while  the  more  difficultly  soluble  3,nitro  acid  is  extracted 
last.  Evaporation  of  the  ether  leaves  a  yellow  acid  mixture, 
melting  at  i54**-i86°,  in  a  yield  of  85  per  cent,  of  the  theory, 
from  which  the  3,nitro  acid  may  be  obtained  by  frequent  crystal- 
lization from  water,  the  4,nitro  acid  and  picric  acid  remaining  in 
the  mother-liquors.  The  yield  of  pure  3,nitro  acid  thus  obtained 
is  about  50  per  cent,  of  the  weight  of  the  crude  acid  mixture. 

As  pointed  out  by  Miller,*  this  process  can  be  considerably 
shortened  if  it  is  not  desired  to  recover  the  4,nitroacid,  by  taking 
the  first  precipitate  of  crude  acids,  removing  the  mineral 
acids  by  careful  washing,  pressing,  and  draining  upon  a  clay 
plate,  and  then  separating  the  difficultly  soluble  3,nitro  acid  by 
crystallizing  this  cake  repeatedly  from  water. 

In  carrying  out  this  method,  the  phthalic  acid  dissolves  after 
about  a  half  hour's  heating,  to  a  clear  amber  solution,  with  evolu- 
tion of  copious  fumes  of  oxides  of  nitrogen.  After  heating  for 
about  an  hour  longer,  the  3,nitro  acid  begins  to  crystallize  out, 
and  the  contents  of  the  flask  soon  change  to  a  mass  of  crystals. 
Sufficient  water  is  then  added  to  precipitate  mainly  the  3,nitro 
add,  the  mixture  is  allowed  to  stand  twenty -four  hours  in  a  cool 
place,  and  the  precipitate  then  separated  as  thoroughly  as  possible 
from  the  add  mother-liquor,  giving  a  cake  of  crude  3,mtro  acid. 
This  is  dissolved  in  hot  water  and  the  solution  concentrated  until 
crystals  begin  to  separate  from  the  hot  liquid.  It  is  then  allowed 
to  cool  slowly  and  is  left  four  or  five  hours  in  a  cool  place.  Most 
of  the  3,nitro-(7-phthalic  add  is  thus  separated  in  small  hard 
transparent  crystals  of  a  faint  yellowish  cast,  which  are  further 
purified  by  recrystallization  from  water,  the  yield  then  being 
about  30  per  cent,  of  the  theory. 

As  there  is  usually  some  unnitrated  phthalic  add  in  the  first 
predpitate  of  crude  acids,  this  precipitate  was  subjected  to  a 
second  nitration  in  similar  manner.  Only  a  small  amount  of  the 
crude  add  then  dissolved  in  the  hot  nitrating  solution,  showing  the 

1  Ber.  d.  ehem.  Ges.^  11,  393  (1878). 
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presence  of  but  little  phthalic  acid.  The  yield  of  3,nitro  add 
was  increased  by  this  second  nitration  to  about  32  per  cent,  of  that 
theoretically  obtainable  from  phthalic  acid. 

Method  of  May, ^  Edtnger^  and  Leupold,* — ^This  is  quite  similar 
to  that  of  Miller,  except  that  phthalic  anhydride  is  used  instead 
of  the  acid. 

As  might  be  expected  from  the  smaller  amount  of  water  pres- 
ent in  this  reaction,  the  precipitation  of  the  nitro  acids  begins 
much  sooner,  and  after  an  hour's  heating  upon  the  water-bath 
the  mixture  in  the  flask  is  a  nearly  solid  mass  of  crystals.  This 
rapid  separation  of  the  nitro  acids  seems  to  prevent  complete 
nitration,  as  the  yield  of  pure  3, nitro  acid  by  this  process  was  only 
about  25  per  cent,  of  the  theory,  while  a  renitration  raised  this 
figure  to  nearly  38  per  cent.  It  is  quite  possible  that  by  the 
careful  addition  of  water  during  the  first  nitration  the  separation 
of  the  nitro  acids  could  be  retarded,  thereby  increasing  the  yield 
and  obviating  the  necessity  for  a  second  nitration. 

In  renitrating  the  crude  nitro  acids  no  complications  need  be 
feared  from  formation  of  dinitrophthalic  acids,  as  Beilstein  and 
Kurbatow*  have  shown  that  it  is  exceedingly  difficult  to  further 
nitrate  3,nitro-(7-phthalic  acid. 

The  nitration  of  phthalic  acid  or  of  its  anhydride  thus  readily 
gives  good  yields  of  pure  3,nitro-^-phthalic  acid,  and  it  is  the 
method  by  which  we  have  prepared  the  acid  for  conversion  into 
the  derivatives  described  later. 

As  thus  prepared,  3,nitro-^-phthalic  add  forms  hard  transpar- 
ent prisms,  of  a  very  pale  yellow  color.  Its  beha\nor  when 
heated  resembles  that  of  the  unsubstituted  phthalic  add  ;  in  an 
open  tube,  it  decomposes  at  207®,  or  lower,  into  water  and  the 
anhydride,  the  point  at  which  this  decomposition  begins  depend- 
ing upon  the  rapidity  of  the  heating,  while  in  a  sealed  tube  it 
melts  at  222®  (corr.).  It  is  quite  readily  soluble  in  hot  water, 
much  less  so  in  cold  ;  easily  soluble  in  cold  acetone  ;  moderately 
soluble  cold,  easily  hot,  in  methyl  or  ethyl  alcohols,  and  ethyl 
acetate  ;  sparingly  soluble  in' cold  isoamyl  alcohol,  moderately  in 
hot ;  difficultly  soluble  in  ether ;  nearly  insoluble  in  petroleum 
ether,  benzene,  chloroform,  carbon  tetrachloride,  ethyl  nitrate, 

'  Inaug.  Dissertation,  Freiburg,  (1880). 

*  J.  prakt,  Ckem.,  (a),  53,  38a   (1896). 

*  Inaug.  Dissertation,  Basle,  (1897). 

*  Loc.  cit. 
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carbon  bisulphide,  benzene,  and  nitrobenzene  ;  glacial  acetic  add, 
at  26®,  takes  up  7.5  per  cent.  (Aguiar,'  Diehland  Merz).'  It  is 
much  less  soluble  in  all  ordinar}*^  solvents  than  the  corresponding 
4,nitro-^phthalic  add. 

Derivatives  of  j^Nitro-o-phthalic  Acid, 

(3)  X00.NH.(C.H,)(2) 

Acid  Aniline  Salt,     NO.-C.hZ  .—The 

^COOH  (i) 

strong  tendency  of  3,nitro-i?-phthalic  add  to  form  acid  salts  with 
the  ammonium  bases,  rather  than  neutral  salts,  was  commented 
upon  by  Laurent'  as  early  as  1842.  This  peculiarity  is  still  more 
marked  in  the  case  of  the  aromatic  amines,  of  which  no  neutral 
salts  with  the  nitrophthalic  adds  are  known.  By  adding  aniline 
to  the  alcoholic  solution  of  3,nitro-^phthalic  acid  and  then  con- 
centrating upon  the  water-bath,  colorless  needles  of  the  add  ani- 
line salt  separate,  melting  at  185^-187^,  with  loss  of  water  and 
production  of  the  anil.  Only  the  add  salt  could  be  obtained,  no 
matter  how  large  the  excess  of  aniline  employ  ed.  Several  months 
after  the  completion  of  this  experiment  an  article  by  Graebe  and 
Buenzod*  appeared,  in  which  they  record  similar  results. 

As  the  carboxyl  adjacent  to  the  nitro  group  is  the  stronger  of 
the  two,  it  seems  most  likely  that  this  acid  salt  has  the  formula 

given  above. 

(3)         /COO.NH.(C.H,.CH,)(2) 
Acid  0-  Toluidine  Salt,  NO,.  CeH,<  .  — 

^COOH  (i) 

Prepared  in  a  similar  manner,  this  acid  salt  forms  fine  white 
needles  melting  at  181^,  a  few  degrees  above  which  point  it  breaks 
up  into  water  and  the  ^-tolil.  Its  aqueous  solution  is  acid  to  car- 
bonates and  to  litmus. 

.COO.C,H,(2) 
Acid  Ethyl  Ester,  ^O^.Qfi/  .—3, Nitrophthalic 

^COOH(i) 

anhydride  was  dissolved  in  absolute  alcohol  in  a  flask  carrying  a 
reflux  condenser,  and  the  solution  heated  for  five  hours  upon  the 
water-bath.  Upon  distilling  off  the  alcohol,  a  yellow  oil 
remained,  which  was  dissolved  in  strong  sodium  carbonate  solu- 
tion and  the  mixture  extracted  with  ether,  to  remove  any  neutral 

1  Ser.  d.  chem.  Ges.,  g,  899  (1873). 
«  /Mf.,  II,  1667  (1878). 

*  Ann.  Cktm,  (Liebig),  41, 1x0(1842). 

*  Ber,  d.  chem.  Gei.^  3a,  1992  (1899). 
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ester  (none  was  found).  The  addition  of  hydrochloric  add  to 
the  sodium  carbonate  solution  caused  the  separation  of  a  white 
crystalline  precipitate,  melting  at  157®,  soluble  in  alcohol  or 
ether,  but  insoluble  in  cold  water.  Its  solutions  decompose 
carbonates  and  are  acid  to  litmus.  The  substance  was  dissolved 
in  alcohol  and  titrated  with  tenth-normal  sodium  hydroxide  solu- 
tion. 0.807  gram  of  the  substance  took  33.3  cc.  of  the  tenth- 
normal sodium  hydroxide  ;  theory  requires  33.7  cc.  The  silver 
salt  forms  nearly  colorless  crystals. 

The  isomeric  acid  ethyl  ester,  with  the  ester  group  meta  to  the 
nitro,  and  melting  at  iio^,  was  first  obtained  (in  the  impnre 
state)  by  Faust,*  and,  subsequently  described  by  Baeyer,*  Miller,* 
Nerking,*  and  Edinger.* 

/COv 
Anhydride,    NO,.C,H,^       V).— Laurent,*  Faust,'  and  Miller* 

all  state  that  the  anhydride  is  formed  by  the  action  of  heat 
upon  the  acid.  Recentiy,  however,  Lipschitz*  reported  that  by 
careful  heating  of  the  acid  at  220^,  even  in  a  stream  of  carbon 
dioxide,  he  obtained  only  a  brown  melt  containing  decompo- 
sition products  with  the  odor  of  nitrogen  dioxide  and  benzalde- 
hyde.  Our  experience  has  been  more  in  accord  with  that  of  the 
earlier  investigators.  The  3,nitro  acid,  in  a  small  flask,  was 
heated  in  an  oil-bath  at  235^-240**  until  water  vapor  ceased  to  be 
given  off  (six  to  eight  hours'  heating  necessary).  On  cooling,  a 
yellow  crystalline  solid  appeared,  which  was  nearly  pure  anhy- 
dride, and,  after  a  single  crystallization  from  glacial  acetic  add 
or  acetone,  formed  colorless  needles  melting  sharply  at  163**.  If 
there  should  be  any  indication  of  unchanged  acid  in  the  product, 
it  may  be  crystallized  from  acetyl  chloride,  which  likewise  con- 
verts the  acid  to  the  anhydride."  The  anhydride  is  easily  soluble 
in  acetyl  chloride  or  hot  glacial  acetic  acid,  moderately  in  acetone 
or  hot  alcohol,  and  very  difficultiy  soluble  in  benzene. 

1  Anm.  Chem.  (Uebtg),  160,  57  (1871). 

*  Ber,  d.  chem.  Ges.,  10,  135,  1079  (i^??)- 
3  Ann,  Chem.  (Uebig),   ao8,  233  (1881). 

*  Inattg.  Dissertation,  Ueidelberig,  (1896). 
•y.  prakt.  Chem.,  (2),  53,  382  (1896). 

*  Ann.  Chem.  (I«iebig),  41,  1x0  (1842). 

'  Ztschr.  Chem.  1869,  108;  Ann.  Chem.  (I«iebig),  i6o,  57  (187X). 
>  Ann.  Chem.  (I^iebig),  ao8,  223  (1881). 

*  Monatsh.  Chem.,  ai,  787  (1900). 

10  l/cupold :  Loc.  cit.\  I«i|>schitz:  Loc.  cil. 
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XOv 
Imide,     NO,.C,Hj^       ^NH. — Laurent*  states  that  when  the 

ammonium  salt  of  3,nitro-(?-phthalic  acid  is  distilled  the  free  acid 
is  regenerated  and  no  iihide  is  formed;  also,  that  when  the  anhy- 
dride is  treated  with  dry  ammonia  gas  a  new  compound  is 
obtained,  but  he  gives  none  of  the  properties  of  this  **new  com- 
pound." We  have,  therefore,  prepared  this  imide  by  the  action 
of  heat  upon  the  acid  ammonium  salt.  The  salt  begins  to  de- 
compose at  about  225^,  and  the  heating  is  continued  until  no 
more  water  vapor  is  evolved  and  the  melt  remains  in  quiet  fusion. 
On  cooling,  a  yellow  crystalline  solid  is  obtained,  easily  soluble 
in  acetone,  moderately  in  hot  alcohol  or  hot  glacial  acetic  acid, 
and  very  difficultly  in  water.  It  crystallizes  from  alcohol  in  pale 
yellow  lustrous  needles  melting  at  2i5**-2i6**. 

I.  0.1513  gram  substance  gave  20  cc.  nitrogen  at  22^  and  753  mm. 
II.  0.1694  gram  substance  gave  22.1  cc.  nitrogen  at  22°  and  751.5  mm. 

Calculated  for  Found. 

CsH404Nt.  I.  II. 

Nitrogen 14.62  14.82  14.51 

By  dissolving  the  imide  in  a  mixture  of  alcohol  and  acetone 
and  adding  exactly  one  molecule  of  potassium  hydroxide  dissolved 
in  alcohol,  a  white  crystalline  precipitate  of  the  potassium  salt  of 
the  imide  results. 

XO.NH, 
Amide,  NO,.C,H,^  . — Strong  ammonium  hydroxide 

\CO.NH, 

is  added  to  the  imide  and  the  mixture  warmed  slightly.  The 
lustrous  flaky  crystals  of  the  imide  gradually  disappear  and  in 
their  place  a  sandy  crystalline  precipitate  appears,  the  reaction 
being  complete  at  the  end  of  about  one  hour.  Dried  to  constant 
weight  over  sulphuric  acid  in  vacuo,  the  following  analytical  re- 
sults were  obtained  from  the  substance  : 

0.1452  gram  substance  gave  26.1  cc.  nitrogen  at  22®  and  758  mm. 

Calculated  for  C8H7O4NS.  Pound. 

Nitrogen 20.1  20.3 

When  heated  in  an  open  tube,  the  amide  melts  at  200*^-201® 
with  evolution  of  ammonia,  remelting,  after  cooling,  at  215®,  the 
melting-point  of  the  imide. 

»  Loc.cit. 
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(3)  vCO.NH,  (2) 

Amidu  Acid^  NO,.C,H,^  . — Baryta  water  is  added 

X:OOH  (i) 

to  the  imide  and  the  mixture  heated  for  an  hour  at  8o^,  and  then 
allowed  to  stand  for  twenty-four  hours  at  the  ordinary  tempera- 
ture. Upon  acidifying  with  sulphuric  acid,  the  barium  sulphate 
precipitate  carries  down  with  it  some  of  the  amic  acid,  which  may 
be  recovered  by  extraction  with  cold  strong  alcohol.  Concentra- 
tion of  the  filtrate  from  the  barium  sulphate  precipitation,  or  of 
the  alcoholic  extracts,  yields  white  needles  of  the  amidic  add. 
This  concentration  must  be  carried  out  cold,  by  blowing  a  stream 
of  dry  air  through  the  liquid,  as  hot  concentration  appears  to  de- 
stroy the  amic  acid,  probably  causing  hydration.  The  crystals  of 
amic  acid  were  washed  with  ether,  and  dried  in  vacuo  over  sul- 
phuric acid.  They  melt  at  156®,  with  evolution  of  water,  and, 
after  solidifying,  remelt  at  213**,  showing  the  production  of  the 
imide.  The  amidic  acid  is  but  sparingly  soluble  in  cold  water, 
easily  in  alcohol,  and  apparently  insoluble  in  ether.  Its  solutions 
are  acid  to  litmus  and  decompose  carbonates. 

0.1509  gram  substance  gave  17.6  cc.  nitrogen  at  22^  and  755  mm. 

Cmlculated  for  CaHf O^Nf.  Poond. 

Nitrogen 13.3  13.13 

XOv 

Ethylimide,     NO,.  C.hZ       ^N.  C,H,.  —When  the  add  ethyl- 

amine  salt  is  heated  at  125^-165^  for  some  time  there  results  a 

greenish  crystalline  solid,  sparingly  soluble  in  hot  water,  but 

easily  in  hot  alcohol.     Prom  the  latter  solvent  it  crystallizes  in 

long  lustrous  needles  of  yellowish  cast,  melting  at  105^. 

0.1747  gram  substance  gave  20.4  cc.  nitrogen  at  27. 5**  and  760  mm. 

Calculated  for  CioHa04Ns.  Pound. 

Nitrogen 12.7  12.85 

Attempts  to  prepare  the  same  compound  by  the  action  of  ethyl 
iodide  upon  the  potassium  salt  of  the  imide,  in  sealed  tubes,  all 
resulted  unsatisfactorily. 

AnU,  NO,.C.H,<^       ^N.CjHj.— Aniline  and  3, nitro-<?-phthalic 

anhydride  are  heated  together  at  about  190**,  or,  better,  the  add 
aniline  salt  is  carefully  heated.  In  the  latter  case,  an  amber  col- 
ored solid  is  obtained,  soluble  in  acetone,  difficultly  soluble  in 
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cold  alcohol,  moderately  in  hot.     Crystallized  from  a  mixture  of 

alcohol  and  acetone,  it  forms  yellowish  needles,  melting  at  136^- 

137^.     Graebe  and  Buenzod,^  whose  article,  as  already  explained, 

appeared  subsequent  to  the  completion  of  this  part  of  the  work, 

give  134°  as  the  melting-point  of  the  anil. 

(3)         /CO.NH(C.H,)  (2) 
Ant/tc  Acta, 'SO^.C^HX^  . — This  compound 

VOOH  (i) 

may  be  prepared  from  the  anil  in  a  manner  entirely  analogous  to 
that  for  the  preparation  of  the  amic  acid  from  the  imide,  except 
that  when  the  baryta  solution  is  acidified  by  sulphuric  acid  most 
of  the  anilic  acid  separates  with  the  barium  sulphate  as  a  floccu- 
lent  precipitate,  which  must  be  dissolved  out  by  cold  alcohol,  and 
the  solution  concentrated  cold  as  already  described.  Pale  yellow 
needles  are  thus  obtained,  which  can  be  washed  with  ether  and 
dried.  These  needles  melt  at  180°,  and,  after  resolidifying,  the 
melting-point  sinks  to  135°,  showing  conversion  of  the  anilic  acid 
to  the  anil  (m.  p.  136°).  The  anilic  acid  is  easily  soluble  in  al- 
cohol, difficultly  in  cold  water,  and  apparently  insoluble  in  ether. 
Its  solutions  are  acid  to  litmus  but  do  not  seem  to  decompose  car- 
bonates. 

o.  1962  gram  substance  gave  174  cc.  nitrogen  at  23®  and  758  mm. 

Calculated  for  CuHioOeNj.  Pound. 

Nitrogen 9.8  9.96 

0-NitranU,    NO,.C,H,<;         >N— CeH,— NO,(^-).— When    the 

acid  ^-nitranilinesalt  is  heated  it  begins  to  decompose  at  150^  with 

loss  of  water,  and  at  200**  the  last  portions  of  water  are  removed. 

The  yellowish  mass  resulting,  when  crystallized  from  a  mixture 

of  alcohol  and  acetone,  gives  yellow  crystals  of  the  ^-nitranil, 

melting  at  167**. 

0.1619  gram  substance  gave  20  cc.  nitrogen  at  25°  and  759  mm. 

Calculated  for  Ci4H70eN8.  Pound. 

Nitrogen  13.4  13.7 

nt'Nitranil  is  prepared  by  heating  the  acid  »«-nitraniline  salt  at 
i7o°-2oo**.  The  product  is  less  soluble  in  alcohol  or  acetone  than 
the  corresponding  ortha  compound,  and,  when  crystallized  from 
a  mixture  of  these  solvents,  forms  pale  brown,  microscopic  crystals, 
melting  at  219®. 

>  Loc,  cit. 


750     MARSTON  TAYLOR  BOGBRT  AND  I.EOPOI.D  BOROSCHBK. 

p-Niiranil, — The  add^-nitraniline  salt  was  heated  at  200^-250* 
until  water  ceased  to  be  evolved.  The  brown  crystalline  mass  re- 
sulting was  purified  by  crystallization  from  acetone,  in  which  it 
was  only  moderately  soluble,  small  yellow  crystals  of  the/-ni- 
tranil  being  thus  obtained,  of  a  melting-point  of  249^. 


'■=•=0 


O'Tolil,  NO,.C.H,<       ^N— C,H,.CH,(^-).— By  heating   the 

acid  (?-toluidine  salt  at  1 60*^-190**,  and  crystallizing  the  product 
from  a  mixture  of  alcohol  and  acetone,  pale  yellow  needles  of  the 
i>-tolil  result,  melting  at  145^.  These  are  easily  soluble  in  ace- 
tone, and  only  sparingly  in  alcohol. 

m-  Tolil  is  prepared  in  a  similar  manner,  the  acid  m-tolnidine 
salt  losing  its  water  at  about  the  same  temperature  as  the  ortho 
compound.  From  a  mixture  of  alcohol  and  acetone,  it  crystal- 
lizes in  long  yellow  needles,  melting  at  129°. 

p' Tolil, — Equal  molecules  of /-toluidine  and  3,nitro-<7-phthalic 
anhydride  were  heated  together  at  170**-! 80®  until  the  evolution 
of  water  ceased.  The  /-tolil  thus  obtained  crystallizes  from  a 
mixture  of  alcohol  and  acetone  in  pale  yellow  needles  (m.  p.  154°). 

0.2003  gram  substance  gave  18.3  cc.  nitrogen  at  23^  and  752  mm. 

Calculated  for  Ci6Hio04Nt.  Pound. 

Nitrogen . . ; 9.93  10.17 

<CO--NH  XOv 

I       or  NO,.C,H,<         >N.NH,. 
CO— NH  x:cK 

— 3,Nitro-^-phthalic  acid  was  dissolved  in  alcohol,  one  molecule 
of  hydrazine  hydroxide  (in  50  per  cent,  aqueous  solution)  added, 
and  the  solution  evaporated  to  dryness.  The  residue  was  then 
carefully  heated  in  an  oil-bath.  At  150**  the  evolution  of  water 
began  and  continued  until  the  temperature  reached  250®.  Even 
at  this  latter  temperature  the  material  did  not  melt,  but  remained 
a  pale  brown,  porous  solid.  It  dissolved  readily  in  a  warm  sodium 
carbonate  solution,  with  effervescence,  forming  a  yellowish  red 
liquid.  Acidification  with  hydrochloric  acid  caused  the  precipita- 
tion of  a  yellow  powder,  which  crystallized  from  glacial  acetic 
acid  in  pale  yellow,  microscopic  crystals,  melting  with  decomposi- 
tion at  about  320**.  These  crystals  are  likewise  decomposed  by 
caustic  alkali. 


J 
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0.1510  gram  substance  gave  37.4  cc.  nitrogen  at  24^  and  761  mm. 

Calculated  for  CsH504Na.  Ponnd. 

'   Nitrogen  20.3  20.36 

COOH 

I 


/  ^  COOH 

CI 

/ 


J,  Chlor-O'Phthalic  Acid, 

XOv 
Anhydride,   CLCgH,^        V).— Tengramsof 3,nitro-(?-phthalic 

anhydride  and  11  grams  phosphorus  pentachloride  were 
heated  together  in  a  sealed  tube  for  six  hours  at  175^.  From 
the  contents  of  the  tube  pale  yellow  crystals  were  separated, 
which,  after  recrystallization  from  a  mixture  of  benzene  and 
naphtha,  formed  nearly  colorless  needles,  melting  at  122^,  cor- 
responding to  that  recorded  by  Kriiger*  for  3,chlor-^-phthalic 
anhydride. 

0.1763  gram  substance  gave  0.1415  gram  silver  chloride. 

Calculated  for  CgHsOsCl.  Pound. 

Chlorine 19.4  19.8 

/COOH 
Acidy  Cl.CgH,^  . — By  boiling  the  anhydride  obtained 

x:ooH 

« 

above  for  several  hours  with  dilute  hydrochloric  acid,  the  corre- 
sponding chlorphthalic  acid  was  obtained.  This  crystallized  from 
water  in  colorless  needles  (m.  p.  186®).  Guareschi*  found  the 
melting-point  of  3,chlor-^-phthalic  acid  to  be  184**. 

/CO. 
Imide,  Cl.CgH,c^         ^NH. — The  3,chlor-^-phthalic  anhydride 

^CO^ 

was  dissolved  in  strong  ammonium  hydroxide,  the  solution  evap- 
orated to  dryness,  and  the  residue  carefully  heated.  A  siiblimate 
of  white  needles  resulted.  In  an  open  tube,  these  needles  sub- 
lime before  melting;  in  a  closed  tube  they  melt  at  11 8®- 120**. 
The  substance  appears  to  be  the  3,chlorphthalimide,  which  has 

1  Ber.  d.  chem.  Ges.,  18,  1759  (1885). 
*  Gax.  chim.  ital.y  I7»  lao. 
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not  been  previously  described,  but  not  sufficient  of  the  substance 
was  prepared  for  an  analysis. 

COOH 


/  COOH 


NO, 

P,  OR  4,NITRO-<?-PHTHAUC   ACID. 

Preparation  of  the  Acid. 

Method  of  Miller,^ — As  has  been  stated,  the  action  of  a  mix- 
ture of  concentrated  sulphuric  acid  and  fuming  nitric  acid  upon 
phthalic  acid  produces  about  equal  amounts  of  the  two  nitro-^ 
phthalic  acids.  Of  these,  the  3,nitro  acid  is  readily  separated  in 
the  pure  state  by  virtue  of  its  sparing  solubility  in  water.  The 
isolation  of  the  4,nitroacid,  however,  is  a  matter  of  much  greater 
difficulty,  not  only  on  account  of  its  great  solubility,  but  also  from 
the  fact  that  the  picric  acid  present  tends  to  follow  it  through 
and  to  combine  with  it  or  its  salts  in  crystallization,  so  that  even 
by  the  recrystallization  of  its  difficultly  soluble  barium  salt  only 
about  15  per  cent,  pure  4,nitro  acid  can  be  recovered  from  the 
original  precipitate  of  crude  acids.  A  much  better  method  of 
separation  depends  upon  the  fact  that  when  a  mixture  of  these 
two  acids  is  esterified  by  the  action  of  hydrochloric  acid  gas  upon 
their  alcoholic  solution  the  3,nitro  acid  yields  mainly  the  add 
ester,  while  the  4,nitro  acid  is  converted  into  the  neutral  ester. 
By  treating  the  product  of ,  this  esterification  with  strong  sodium 
carbonate  solution,  the  acid  ester  (together  with  picric  add)  is 
dissolved  out,  leaving  the  neutral  ester  of  the  4,nitro  add  as  an 
insoluble  oil. 

In  applying  this  process,  we  usually  crystallized  out  as  mudi 
of  the  3,nitro  acid  as  possible  from  the  crude  nitro  acids,  then 
evaporated  the  mother-liquors  to  dryness,  dissolved  the  residue 
in  absolute  alcohol  and  esterified  with  dry  hydrochloric  add  gas. 
Upon  the  addition  of  water,  then,  the  esters  separate  as  an  oily 
layer,  which  is  washed  repeatedly  with  strong  sodium  carbonate 

1  Ber.  d.  chem.  Ges.^  ii,  393  (1878);  Ann.  Oiem.  (I4ebig),  ao8,  223  (1881). 
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solution.  The  neutral  ester  of  the  4,nitro  acid  is  thereby  left  as 
SD.  oil,  which  gradually  solidifies,  and  is  purified  by  crystallization 
from  ether  and  then  from  alcohol,  forming  large  pale  yellow 
plates,  melting  at  34°-35^.  From  this  neutral  ester  the  free 
4idd  may  be  prepared  by  saponifying  with  alcoholic  potassium 
hydroxide,  dissolving  the  precipitated  potassium  salt  in  water, 
acidifying  the  solution  with  hydrochloric  acid  and  extracting 
with  ether.  Evaporation  of  the  ether  leaves  the  4,nitro-a-phthalic 
add  as  a  crystalline  crust,  melting  at  162^. 

Although  the  yield  by  this  process  is  good,  the  purification  of 
the  neutral  ester  is  rather  troublesome,  as  it  is  apt  to  contain 
small  amounts  of  the  neutral  esters  of  3,nitro-<?-phthalic  acid  and 
of  phthalic  acid  itself,  the  presence  of  the  latter  preventing  the 
solidification  of  the  oily  ester. 

Preparation  of  the  Acid  from  p-Nitrophthalide. — Hoenig^  was  the 
first  to  prepare  the  4,nitro-^-phthalic  acid  from  the  nitrophthalide 
(m.  p.  141^)  by  oxidation.  He  found  the  best  oxidizing  agents 
to  be  a  mixture  of  glacial  acetic  acid  and  chromic  anhydride,  or, 
better,  dilute  nitric  acid  in  a  sealed  tube. 

Oxidation  by  glacial  acetic  acid  and  chromic  anhydride  is  far 
from  satisfactory,  and  much  the  same  may  be  said  concerning  the 
use  of  dilute  nitric  acid.  The  latter  method  is  also  open  to  the 
objection  that  it  is  not  convenient  for  the  preparation  of  large 
amounts  of  material. 

Hoenig*  further  states  that  oxidation  of  the  nitrophthalide  by 
means  of  alkaline  potassium  permanganate  gave  no  result.  We 
have  found,  on  the  contrary,  that  this  is  much  the  best  oxidizing 
agent  for  the  purpose,  90  per  cent,  of  the  theoretical  yield  of 
4,nitro-^-phthalic  acid  being  thereby  readily  and  rapidly  obtained, 
the  ease  and  rapidity  of  the  method  rendering  it  by  far  the  best 
method  of  preparing  the  4,  nitro-^- phthalic  add  pure  and  abso- 
lutely free  from  its  isomer. 

The  oxidation  is  carried  out  as  follows:  /-nitrophthalide  is 
dissolved  in  dilute  alkali,  the  solution  placed  in  a  large  evapo- 
rating dish  on  the  water-bath,  and  potassium  permanganate  solu- 
tion added  gradually  until  the  oxidation  is  completed.  Excess  of 
permanganate  is  then  destroyed  by  the  addition  of  a  little  alcohol, 
the  manganese  dioxide  filtered  off  and  the  precipitate  washed 

1  Ber.d.  ckem.  Get,,  18,  3447  (1885). 
^  Ijoccit, 
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once  or  twice  with  hot  water.  The  filtrate  and  washings  are 
combined,  concentrated  to  about  150  cc.,  acidified  with  hydio- 
chloric  add,  and  repeatedly  extracted  with  ether.  The  ether 
extracts  are  combined,  dried  with  calcium  chloride,  and  theether 
evaporated,  leaving  the  pure  4,nitro-^-phthalic  acid  as  a  pale 
yellow  crystalline  mass  (m.  p.  163**). 

The  4,nitro  acid  loses  water  a  few  degrees  above  its  melting- 
point,  being  thereby  changed  to  the  anhydride.  The  add  is 
easily  soluble  in  water,  methyl  or  ethyl  alcohols,  and  acetone; 
moderately  in  ether  or  ethyl  acetate ;  sparingly  in  cold  isoamyl 
alcohol  or  glacial  acetic  add,  easily  in  hot ;  apparently  insoluble  in 
petroleum  ether,  benzine,  chloroform,  carbon  tetrachloride,  etfayl 
nitrate,  carbon  disulphide,  benzene,  and  cold  nitrobenzene;  mod- 
erately soluble  in  hot  nitrobenzene. 

Derivatives  of  ^^Nitro-o-phihalic  Acid, 

(4)  yCOO.NH,(C.H,)  (I) 

Acid   Aniline  Salt,    NO,.CeH,<  .—Like 

X;OOH  (2) 

the  3,nitro  acid,  the  4,nitro-^-phthalic  add  appears  incapable  of 

forming  neutral  salts  with  the  aromatic  amines.     As  prepared  by 

us,  this  add  aniline  salt  mdts  at  181^-182^  with  production  of 

the  anil.     It  has  also  been  described  by  Graebe  and  Buenzod.' 

It  seems  probable  that  in  these  add  salts  the  para  carboxyl  carries 

the  base. 

COO  C  H 
Acid  Ethyl  Ester,  NO,.C,H,/         '   '    '.—Miller,' by    evapo- 

x:ooH 

rating  an  absolute  alcohol  solution  of  the  4,nitro-(7-phthaUc  anhy- 
dride, reports  the  production  of  an  add  ester  different  from  the 
ordinary  one  (m.  p.  127°-!  28®),  but  does  not  describe  any  of  its 
properties.     We  have,  therefore,  repeated  the  experiment : 

4,nitro-^-phthalic  anhydride  was  dissolved  in  absolute  alcohd 
in  a  flask  fitted  with  a  reflux  condenser,  the  solution  boiled  for 
eight  hours  on  the  water-bath,  and  the  alcohol  then  distilled  off. 
A  reddish  brown  oil  remained.  This  oil  dissolved,  with  efferves- 
cence, in  sodium  carbonate  solution.  The  sodium  carbonate  solu- 
tion was  then  extracted  with  ether,  to  remove  any  neutral  ester 
which  might  have  formed,  the  residual  alkaline  liquid  addified 

^  Loc.  cit. 

*  Ann.  Chem.  (I^iebig),  ao8,  223  (z88i). 
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with  hydrochloric  acid,  and  the  turbid  add  solution  again  sub- 
jected to  extraction  with  ether.  This  ether  extract  was  dried 
with  calcium  chloride  and  the  ether  evaporated,  leaving  a  yellow 
oil,  which,  after  standing  about  eight  hours  over  sulphuric  acid 
in  vacuo,  solidified  to  a  pale  yellow,  amorphous  mass,  melting  at 
141  **-i5o®.  Recrystallization  failed  to  yield  a  substance  with  any 
sharper  melting-point.  The  add  ethyl  ester,  produced  by  the 
action  of  dry  hydrochloric  acid  gas  upon  the  alcoholic  solution  of 
the  4,nitro  add,  melts  sharply  at  127^-128° .  The  add  ethyl  ester 
described  above  appears,  therefore,  to  be  an  isomer  (although 
probably  impure). 

This  result  is  rather  at  variance  with  the  investigations  of 
Wegscheider  and  Lipschitz'  in  preparing  the  methyl  esters  of 
4,nitro-^-phthalic  add,  as  they  obtained  the  same  add  ester  by 
the  action  of  methyl  alcohol  upon  the  anhydride  as  by  the  action 
of  hydrochloric  acid  gas  upon  the  methyl  alcohol  solution  of  the 
free  add. 

.COv 
Anhydride,  NOj.CeH,^        ^O. — By  heating  the  4,nitro  add  at 

165**  until  no  more  water  is  evolved  and  then  cooling,  a  sticky, 
yellow  mass  remains.  Miller*  heated  this  mass  to  200^  and  sub- 
limed the  anhydride  by  passing  a  current  of  dry  air  through  the 
melt.  We  have  found  it  more  convenient  to  dissolve  this  sticky 
mass  in  hot  acetyl  chloride  and  evaporate  the  solution  to  crystals. 
Pale  yellow  needles  of  the  anhydride  are  thus  obtained,  melting 
sharply  at  114°,  which  are  easily  soluble  in  acetyl  chloride,  hot 
gladal  acetic  acid  or  hot  alcohol,  and  but  sparingly  in  hot  benzene. 
I,eupold'  prepared  this  anhydride  by  heating  the  add  in  sealed 
tubes  with  acetyl  chloride. 


'■•'^.H-O 


Imide,  NO,.C,H,^        >NH,  is  prepared  by  the  action  of  heat 

upon  the  add  ammonium  salt,  in  similar  manner  to  the  prepara- 
tion of  the  imide  of  the  3,nitro  add.  It  crystallizes  from  a  mix- 
ture of  alcohol  and  acetone  in  pale  yellowish  brown  flakes,  melt- 
ing at  197**.  It  is  easily  soluble  in  hot  acetone,  sparingly  in  hot 
alcohol  or  hot  water. 

1  Monatsk.  Chem.y  9i,  787  (1900). 

s  Ann,  Chem.  (I«iebig),  ao8,  223  (1881). 

*  Inang.  Dinertatioii,  Bule,  1897. 
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I.  0.1804  gram  substance  gave  24  cc.  nitrogen  at  23^  and  755  mm. 
II.  0.1494  gram  substance  gave  19.9  cc.  nitrogen  at  22^  and  756  mm. 

Calculated  for  Pound. 

CaH404l7a.  I.  II. 

Nitrogen 14.62  14*96  15.00 

By  dissolving  the  imide  in  a  mixture  of  alcohol  and  acetone  and 
adding  one  molecule  of  alcoholic  potassium  hydroxide,  the  potas- 
sium salt  of  the  imide  separates  as  a  white  precipitate,  slightly 
soluble  in  cold  strong  alcohol  easily  soluble  in  water. 

C^O.NH, 
. — The  imide   was    mixed   with 
O.NH, 

strong  ammonium  hydroxide  and  dissolved  by  gentle  wanning. 
After  standing  for  an  hour  at  the  temperature  of  the  room,  a 
heavy  white  crystalline  precipitate  appeared.  This  precipitate 
was  filtered  out,  washed  with  a  little  cold  water,  and  dried  finally 
in  vacuo  over  sulphuric  acid.  It  then  melted  at  200®  with  evolu- 
tion of  ammonia,  and  when  remelted,  after  solidifying,  showed 
the  melting-point  of  the  imide  (197^). 

0.1430  gram  substance  gave  25.9  cc.  nitrogen  at  22.5^  and  755  mm. 

Calculated  for  CtHyOiNt.  Pound. 

Nitrogen 20.1       •  20.3 

Amic  Acid. — Attempts  to  prepare  the  aminicacidof  the4,mtro- 
<^-phthalic  acid  by  the  same  process  that  yielded  the  aminic  add  of 
the  3,nitro-^-phthalic  acid  have  so  far  been  entirely  unsatisfactory. 

/COv 
Ethylimide,  NO,.C,H,^         >N.C,H„  is  prepared  by  the  action 

of  heat  upon  the  add  ethylamine  salt,  or  by  heating  the  potassium 
salt  of  the  imide  in  a  sealed  tube  with  ethyl  iodide.  Pale  yellow 
scales  (m.  p.  iii°-ii2®)  are  slightly  soluble  in  hot  water,  readily 
in  alcohol  or  ether. 

0.1805  gram  substance  gave  20.6  cc.  nitrogen  at  23°  and  758  mm. 

Calculated  for  CioHe04Ns.  Pound. 

Nitrogen 12.7  12.83 

/COv 
Anil,  NO^.C^H,^        ^N.C^Hj,  results  when  the  add  aniline 

salt  is  heated  above  its  melting-point.  It  crystallizes  from  a 
mixture  of  alcohol  and  acetone  in  yellow  needles,  mdting  at 
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194^.  It  is  moderately  soluble  in  acetone,  sparingly  in  alcohol. 
Graebe  and  Buenzod^  give  its  melting-point  as  192^. 

Ani/ic  Acid,  NO,.  C,H,^  ,  is  prepared  by  the  action 

^COOH 

of  baryta  water  upon  the  anil.  When  the  baryta  solution  is 
acidified  with  sulphuric  acid  the  anilic  acid  precipitates  with  the 
barium  sulphate,  and  must  be  extracted  from  it  with  cold  alcohol. 
It  forms  pale  yellow  crystals,  melting  at  181°  with  formation  of 
the  anil.  It  is  easily  soluble  in  cold  alcohol,  nearly  insoluble  in 
ether,  and  apparently  totally  insoluble  in  cold  water.  Its  solu- 
tions are  acid  to  litmus  but  do  not  decompose  carbonates. 

0.1955  gram  substance  gave  17.2  cc.  nitrogen  at  25^  and  761  mm. 

Calculated  for  CuHioOsN,.  Pound. 

Nitrogen 9.8  9.83 

o-NitranU,  NO,.C,H,<^       ^N.C,H,.NO,(<7-),  is  prepared    by 

the  action  of  heat  upon  the  acid  ^-nitraniline  salt.  It  crystallizes 
from  nitrobenzene  in  pale  yellow  needles  (m.  p.  233®),  difficultly 
soluble  in  acetone,  very  slightly  in  alcohol,  and  readily  in  hot 
nitrobenzene. 

m-Nitranil  is  prepared  in  a  similar  manner  from  the  acid 
m-nitraniline  salt.  It  crystallizes  from  nitrobenzene  in  opaque 
yellow  needles  (m.  p.  243^).  It  is  sparingly  soluble  in  alcohol 
or  acetone,  but  readily  in  hot  nitrobenzene. 

p'NitranU  is  prepared  in  a  similar  manner,  crystallizes  from 
nitrobenzene  in  small  yellow  crystals,  melting  at  251^-253^,  diffi- 
cultly soluble  in  acetone,  apparently  insoluble  in  alcohol,  but 
easily  soluble  in  hot  nitrobenzene. 

O'TolU,  NO,.C.H,/      j>N.C,H,.CH,  (^-),  is  obtained  by  the 

action  of  heat  upon  the  acid  i?-toluidine  salt,  and  forms  a  brownish 
crystalline  powder  (m.  p.  160**).  It  is  very  slightly  soluble  in 
alcohol,  moderately  in  acetone. 

m-  Tolilis  prepared  in  a  similar  manner  from  the  acid  /^^-toluidine 
salt.  Pale  brownish  crystals  (from  nitrobenzene,  m.  p.  197®) 
are  practically  insoluble  in  alcohol,  difficultly  soluble  in  acetone, 
easily  in  hot  nitrobenzene. 

»  Loc.Cf'i. 
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p-  Tolil  is  produced  by  heating  together /-toluidine  and  4,nitro- 
^-phthalic  anhydride  at  180^-190^.  It  crystallizes  from  a  mix- 
ture of  alcohol  and  acetone  in  yellow  pearly  flakes,  melting  at 
165^1  slightly  soluble  in  alcohol,  readily  in  acetone. 

0.1955  gram  substance  gave  17.5  cc.  nitrogen  at  32.5*'  and  751  mm. 

Calculated  for  CMU10O4N9.  Pound. 

Nitrogen 9.93  10.14 

iP) 
/CO.NH(C.H,.CH,) 

P'Tolilic  Add,   NO,.C,H,<  .—/-Tolil    is 

^COOH 

heated  for  fifteen  minutes  on  the  water-bath  with  baryta  water, 
and  the  mixture  then  allowed  to  stand  twenty-four  hours  at  the 
room  temperature.  The  flaky  crystals  of  tolil  are  gradually  re- 
placed by  long  yellow  needles  of  the  barium  salt  of  the  tolilic 
acid.  Upon  the  addition  of  sulphuric  add,  the  free  tolilic  add 
predpitates  with  the  barium  sulphate  and  may  be  extracted  from 
it  by  strong  alcohol.  On  cold  evaporation  of  the  alcohol,  the 
tolilic  add  remains  in  white  needles,  melting  at  172^  (with 
formation  of  the  tolil).  The  tolilic  acid  is  insoluble  in  ether  or 
cold  water,  does  not  decompose  carbonates,  but  reacts  add  to 
litmus. 

<CO— NH  XOv 

I       or  NO,.C.H,<        > N.NH,. 
CO— NH  XJO/ 

— A  solution  of  4,nitro-{?-phthalic  anhydride  was  treated  with  one 
molecule  of  hydrazine  hydrate  (in  50 per  cent,  aqueous  solution), 
and  the  mixture  warmed  for  several  hours.  No  predpitate 
formed,  but,  upon  evaporation,  a  red  oil  remained,  which  changed 
to  a  yellowish  brown  precipitate  when  water  was  added.  This 
predpitate  was  boiled  down  repeatedly  with  water,  and  finally 
washed  with  water,  alcohol,  and  ether.  In  warm  sodium  car- 
bonate solution  it  dissolved  with  effervescence,  and  repredpitated 
in  pale  yellow  flocks  when  the  solution  was  addified.  Recrystal- 
lized  from  water,  it  forms  a  microcrystalline  powder. 

0.1503  gram  substance  gave  27.4  cc.  nitrogen  at  24°  and  750  mm. 

Calculated  for  CSH5O4NS.  Pound. 

Nitrogen 20.3  20.16 

4,Nitro-^-phthalic  add  was  dissolved  in  water,  one  molecule  of 
hydrazine  hydrate  added,  the  liquid  evaporated  to  dryness,  and 
the  residue  carefully  heated.     At  150®  the  mass  began  to  soften 
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and  evolve  water,  but  the  reaction  did  not  appear  completed  until 
the  temperature  had  reached  about  250^.  Even  at  this  tempera- 
ture the  mass  refused  to  melt,  remaining  hard  and  porous.  It 
was  purified  by  solution  in  sodium  carbonate,  reprecipitation,  etc., 
as  in  the  foregoing  case,  and  yielded  a  similar  product. 

0.1733  gram  substance  gave  32  cc.  nitrogen  at  23^  and  743  mm. 

Calculated  for  CeH504Ns.  Pound. 

Nitrogen 20.3  20.45 

The  hydrazide  forms  small  yellow  crystals,  slightly  soluble  in 
water  or  alcohol,  diflBcultly  soluble  in  glacial  acetic  acid.  When 
heated  to  270®  it  gives  a  white  sublimate,  then  darkens  at  280**, 
but  does  not  melt  even  at  300®.  Heated  with  acetic  anhydride 
for  several  hours,  no  definite  acetyl  derivatives  could  be  obtained. 


HOOC 


HOOC— 


~N=N— -^^  — COOH 


— COOH 


4,4',AZOPHTHALIC   ACID. 

Preparation  from  ^^Nitro-o-phthalic  Acid, — 4,Nitro-(?-phthalic 
acid  was  dissolved  in  dilute  caustic  soda,  and  the  solution  reduced 
by  the  gradual  addition  of  2  per  cent,  sodium  amalgam.  After 
the  requisite  amount  of  amalgam  had  been  added,  the  mixture 
was  heated  for  an  hour  upon  the  water-bath,  the  red  alkaline  solu- 
tion decanted  from  the  mercury,  concentrated,  and  acidified  with 
hydrochloric  acid.  A  yellowish  red  precipitate  appeared,  which 
was  filtered  o£F,  dried,  and  crystallized  from  water.  It  then 
formed  a  salmon-colored  crystalline  powder,  moderately  soluble 
in  hot  water,  slightly  in  alcohol  or  glacial  acetic  acid,  and  in^ 
soluble  in  ether.  It  refused  to  melt  at  360**.  Its  aqueous  solu- 
tion was  acid  to  litmus  and  decomposed  carbonates. 

0.2046  gram  substance  gave  14  cc.  nitrogen  at  23°  and  762  mm. 

Calculated  for  CieHioOgNf.  Pound. 

Nitrogen 7.8  7.73 

The  compound  was  unchanged  by  boiling  with  glacial  acetic 
acid  and  sodium  nitrite,  showing  the  absence  of  hydrazo  combina- 
tions. 

The  silver  salt  was  prepared  by  adding  a  solution  of  argentic 
nitrate  to  the  solution  of  the  neutral  ammonium  salt.  It  separated 
as  a  red  precipitate,  insoluble  in  hot  water,  and  when  dried  to 
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constant  weight  at  no®,  appeared  as  a  heavy  red  crystalline 
powder. 

0.2039  gram  substance  3rielded,  upon  ignition,  0.1085  gram  silver. 

Calculated  for  CuHcOgNtASi.  Pound. 

Silver 54,9  53-2 

This  low  result  is  accounted  for  by  the  fact  that  the  silver  salt 
explodes  when  heated  to  a  certain  point,  thus  rendering  the 
securing  of  accurate  results  a  matter  of  considerable  difficulty. 

Preparation  from  Azophthalide, — An  alkaline  solution  of  5,5',- 
azophthalide  was  oxidized  by  potassium  permanganate  in  the 
manner  already  described  for  the  conversion  of  nitrophthalide 
into  4,nitro-^-phthalic  add.  By  acidifying  the  filtrate  from  the 
manganese  dioxide  with  hydrochloric  acid,  a  reddish  yellow  pre- 
cipitate separated,  which  was  filtered  off  and  dried.  It  then 
melted  at  285^-300^,  with  decomposition,  and  was  crystalline  in 
appearance. 

0.1946  gram  substance  gave  13  cc.  nitrogen  at  22®  and  752  mm. 

Calculated  for  CieHioOiNf.  Poand. 

Nitrogen 7.8  7.8 

The  silver  salt  formed  a  heavy  red  crystalline  powder,  some- 
what soluble  in  hot  water,  and  exploded  when  heated. 

It  will  be  noted  that  the  azophthalic  acid  obtained  by  this  pro- 
cess melts,  with  decomposition,  at  a  temperature  somewhat  bdow 
300°,  and  gives  a  silver  salt  which  is  partly  soluble  in  hot  water, 
while  that  obtained  by  reduction  of  4,nitrophthalic  add  does  not 
mdt  at  360^,  and  its  silver  salt  appears  to  be  insoluble  in  hot 
water.  The  cause  of  this  difference  has  not  as  yet  been  deter- 
mined.    It  will  be  made  the  subject  of  further  investigation. 

The  corresponding  3,3', azophthalic  add  has  been  prepared  by 
Claus  and  May'  by  the  reduction  of  the  3,nitro-^-phthalic  add 
with  sodium  amalgam,  and  forms  golden  ydlow  needles,  decom- 
posing at  220^-250**. 


< 


.y     6"^.  6    ^ 

CH,— ,  \_N=N— /  — CH^ 

'51  5  1  »v 


CO  —  »  4  '^  2 

»  Ber.  d.  chem.  Ges.,  11,  762  (1878)  ;  14,  1330  (1881). 
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5,5' ,  Azophthalide, 

This  was  obtained  by  the  action  of  a  2  per  cent,  sodium  amal- 
gam upon  the  dilute  alkaline  solution  of /-nitrophthalide.  Hy- 
drochloric acid  is  added  to  the  resultant  alkaline  solution,  and 
the  red  precipitate  obtained  is  filtered  off  and  dried.  From  dilute 
alcohol,  it  forms  small  red  crystals,  melting  with  decomposition 
at  260^-280®.  It  is  sparingly  soluble  in  hot  water,  moderately 
in  hot  alcohol  or  glacial  acetic  acid. 

0.2000  gram  substance  gave  17.6  cc.  nitrogen  at  26^  and  756  mm. 

Calculated  for  Ci6Hii>04N{.  Pound. 

Nitrogen 9.5  9.6 

This  work  is  being  continued  and  other  papers  upon  the  sub- 
ject will  be  published. 

Organic  I«aboratory,  Havbmeyer  Hall, 
Columbia  University, 
July  I.  1901. 


ON  THE  EXISTENCE  OF  A  NEW  ELEMENT  ASSOCIATED 

WITH  THORIUn.* 

By  Charles  Baskervillb. 

Received  August  15, 1901. 

ALMOST  five  years  ago  I  attempted  to  separate  thorium 
quantitatively  from  a  neutral  chloride  solution  by  satura- 
tion with  sulphur  dioxide  and  boiling.  As  may  be  recalled,  this 
was  merely  an  application  of  the  method  formerly  made  known 
by  me  and  used  in  the  separation  of  zirconium'  and  titanium.' 
The  separation  of  thorium  by  this  means  was  not  quantitative. 
On  resolution  of  the  precipitated  portion  in  hydrochloric  acid  and 
exact  neutralization  with  ammonium  hydroxide  and  treatment 
again  with  sulphur  dioxide,  almost  complete  precipitation  re- 
sulted, showing  that  the  initial  partial  precipitation  was  not  alto- 
gether due  to  imperfect  action  of  the  precipitant  or  the  solubility 
of  the  basic  thorium  sulphite^  in  the  neutral  menstruum.  This 
was  verified  by  many  repetitions  of  the  process  using  thorium 
chloride  solutions  of  different  strengths  and  varying  amounts  of 
ammonium  chloride. 

1  Presented  at  the  Denver  meeting  of  the  American  Chemical  Society. 

*  Chem.  News,  70,  57  (1894);  This  Journal,  i6,  475  (1894). 

*  This  Journal,  16,  437  (1894). 

*  These  hasic  sulphites  are  being  investigated  at  {^resent.  It  may  be  well  to  state  that 
in  addition  to  a  flooculent  basic  sulphite  there  has  been  obtained  a  gelatinous  compound, 
or  hydrogele,  similar  in  appearance  to  the  siroonium  sulphite  described  by  Venable  and 
Baskerville,  this  Journal,  17,  448  (1895). 
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These  solutions  were  first  made  upon  fairly  pure  thorium  salts 
prepared  by  me  from  oxides  obtained  from  analyses  of  many 
monazite  sands  for  the  North  Carolina  Geological  Survey.^  As 
this  conduct  was  unexpected  and  not  in  keeping  with  the  ob- 
served reactions  of  the  group,  the  experiments  were  repeated  with 
thorium  compounds  obtained  from  different  sources  with  like  re- 
sults. I  was  favored  with  several  grams  of  thorium  sulphate  pre- 
pared by  Professor  Dunnington,  of  Virginia,  from  monazite  sand 
found  in  Amelia  County  (Va).  Prof.  Dennis,  of  Cornell,  kindly 
gave  me  3.5  grams  thorium  nitrate  (99.6  percent,  pure).  The 
hydroxide  from  which  it  had  been  prepared  was  separated  by 
means  of  potassium  hydronitrate.'  I  worked  up  about  5,000 
liters  of  thorium  sulphate  solution  obtained  from  Carolina  mona- 
zite kindly  collected  by  the  late  Mr.  H.  B.  C.  Nitze,  assistant 
state  geologist.  The  procedure  followed  need  not  be  detailed 
here,  as  it  .will  appear  in  a  subsequent  and  more  extended  com- 
munication. Finally,  Dr.  Waldron  Shapleigh  generously  gave 
me  2  kilograms  of  the  purest  thorium  oxalate  to  be  had  at  the 
Auer  Welsbach  works.  My  thanks  are  due  these  gentlemen  for 
their  kindness.' 

The  purest  thorium  compounds  were  repurified  by  the  follow- 
ing procedure :  The  sulphate  was  taken  up  in  cold  water,  treated 
with  sodium  sulphate  and  allowed  to  stand  from  twelve  to  twenty- 
four  hours  to  insure  separation  of  the  remaining  cerium  salts,  the 
percentage  of  which  was  quite  small.     The  liquid  was  filtered 

1  Bulletin  9,  ''Monazite  and  Monazite  Deposits  in  N.  C,"  1895. 

*  This  Journal,  18,  947  (1896). 

*  While  in  the  midst  of  repurifying  the  compounds  from  such  varied  sources  and  de> 
siring  to  leave  no  stone  unturned  in  the  investigation,  during  the  fall  of  last  year  I  wrote 
Prof.  Bohuslav  Brauuer,  of  Prague,  of  my  otxiervations  and  requested  a  small  amount  of 
the  purified  thorium  compound  used  by  him  in  his  excellent  work  on  the  atomic  weight  of 
that  element  (/.  CAem.  Soc.,  I«ondon  (Trans.),  73.  951  (1898)).  Very  likely  the  letter  went 
astrsy  as  I  have  received  no  reply.  I  was  surprised,  therefore,  to  observe  in  the  proceed- 
ings of  the  I/>ndon  Chemical  Society  (April  xo,  1901),  an  article  by  him  on  '^Contributions 
to  the  Chemistry  of  Thorium,"  in  which  he  gives  good  evidence  of  the  complexity  of 
thorium,  dividing  that  element  into  Tha  and  ThjS.  Immediately  at  my  first  opportunity 
(April  23),  at  the  spring  meeting  of  the  N.  C.  Section  of  the  American  Chemical  Society,! 
made  public  mention  of  my  work,  which  had  been  discussed  often  in  private  with  others. 
Brauner's  results  were  obtained  by  hydrolysis  of  the  heptahydrated  thorium  tetrammo- 
nium  oxalate.  This  communication  contains  in  part  the  results  of  my  experiments  re- 
ported then  and  some  observations  made  since.  As  soon  as  the  unexpected  properties 
were  noted  almost  five  years  ago,  I  indicated  the  differences  by  terming  one  Th  and  the 
other  Th(X).  It  is  deemed  well  to  make  this  explanation  in  presenting  a  preliminaiy 
paper  on  incomplete  work,  as  it  was  done  independently  and  the  problem  was  attacked  m 
a  different  way.  Results  have  been  obtained  which  corroborate  Brauner's  work.  It  may 
also  be  stated  that  large  quantities  of  the  materials  are  being  worked  up  and  the  wotfc 
will  be  pushed  to  a  finality. 
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and  the  hydroxide  precipitated  in  tall  cylinders  by  a  large  excess  of 
chemically  pure  sodium  nitrite.  This  precipitate  was  washed  by 
decantation  from  six  to  ten  times,  using  20  volumes  (to  i  of 
precipitate)  of  distilled  water  each  time.  To  remove  the  last  of 
the  sodium  salts  and  other  soluble  impurities  the  precipitate  was 
then  dissolved  in  hydrochloric  acid  repredpitated  by  slight  excess 
of  ammonium  hydroxide  and  washed  by  decantation  at  least  ten 
times,  using  20  volumes  of  distilled  water. 

I.    VARIATION  IN  THE  SPECIFIC  GRAVITY  OP  THE  OXIDE. 

The  determination  of  the  specific  gravity  of  the  oxides  affords 
a  rapid  and  excellent  means  of  judging  the  rate  of  fractionation 
and  in  a  measure  the  purity  of  the  rare  earths.  This  method  has 
been  especially  urged  independently  by  Muthmann  and  Bohm' 
as  having  time  advantages  over  the  necessarily  long  and  often 
tedious  equivalent  determinations.  Brauner  also  uses  the  method. 
The  oxide  obtained  by  prolonged  ignition  with  the  blast  of  the 
purified  hydroxide  obtained  above  had  a  specific  gravity  of  10.  i 
corrected  to  4^  C.  Clarke,'  in  his  '  'Constants  of  Nature,' '  gives  the 
following  values : 

Name  and  formnla. 
Thorium  dioxide,  ThO,. 


Sp.  gr. 

Authority. 

9.402 

Berzelius.' 

9.21 

Nordonskjold  and  Chydenius.^ 

9077 
9.200 

} 

Chydenius.^ 

9.861 

Nilson  and  Petterson.' 

17°  10.2199 
10.2206^ 

} 

Nilson.v 

15^    9.876^ 

Troost  and  Ouvrard." 

About  10  grams  of  the  purified  hydroxide  obtained  above  were 
again  dissolved  in  hydrochloric  acid,  made  up  to  about  300  cc. , 
and  exactly  neutralized  by  dilute  ammonium  hydroxide.  To 
insure  neutrality,  the  ammonia  was  added  until  the  slightest 
permanent  precipitate  remained  after  stirring  the  cold  solution 
vigorously  for  five  minutes.     The  precipitate  was  separated  by 

1  Ber.  d.chem.  Ges.^  33,  No.  x;  Chem.  News^  8i«  181. 
s  Smitliaonian  Institution,  Part  I,  p.  48  (1868). 
'  Fogg.  Ann.^  16,  385. 

*  Jsb.  Chem.y  13,  134. 

*  /Mtf.,  i6»  194. 

*  Qnmpt.  rend.^  91,  233. 

7  Ber.  d.  chem.  Ges.^  15,  2336. 

*  Reduced  to  4®C.,  this  value  is  lo.aoi. 

*  Clarke  gives  a  note  stating  that  Nilson 's  determination  is  the  only  one  of  value. 
>^  Compt.  rend.,  loa,  i4». 
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filtration  and  the  solution  saturated  with  freshly  prepared  and 
washed  sulphur  dioxide.  Within  a  few  minutes  a  flocculent 
basic  sulphite  began  to  separate.  As  the  reaction  continued  in  the 
cold  the  precipitate  increased  and  then  decreased  somewhat.  The 
solution  was  filtered  cold  and  the  filtrate  boiled  giving  a  second 
but  much  smaller  precipitate  similar  to  the  first,  showing  that 
the  precipitate  is  soluble  to  some  extent  in  the  cold  sulphurous 
acid  solution.  The  hot  filtrate  was  then  precipitated  with  a  slight 
excess  of  ammonium  hydroxide  and  filtered  ofiF.  Portions  of  the 
sulphite  and  ammonia  precipitates  were  removed  from  the 
funnels,  care  being  taken  that  they  were  not  contaminated  with 
the  ashless  filter-paper,  ignited  in  platinum  crucibles  with  the 
blast  and  the  specific  gravity  of  the  oxides  determined. 

Sulphur  dioxide  Soluble  portion  pre- 

Before  treatment.  precipitate.  cipitated  by  amxnooia. 

10. 1  9.38  10.367* 

Twenty  grams  of  Shapleigh's  purest  thorium  oxalate  were  re- 
purified  according  to  the  method  given  above.  A  saturated  solu- 
tion of  chemically  pure  citric  acid  was  prepared  and  the  pure  hy- 
droxide added  in  excess  ;  /.  e, ,  until  no  more  was  dissolved  cold 
when  the  stirring  had  continued  (by  means  of  a  motor)  for  from 
twelve  to  fifteen  hours  (different  experiments).  In  attempting 
to  concentrate  the  filtered  solution  by  heat  a  heavy  white  precipi- 
tate, resembling  in  a  measure  barium  sulphate  in  appearance, 
came  down.  The  utmost  care  was  necessary  in  boiling  the  solu- 
tion as  the  bumping  was  often  quite  violent.  The  precipitate  re- 
dissolved  when  the  solution  was  cooled.  In  evaporating  the 
solution  on  the  water-bath  the  precipitate  appeared  and  was  dis- 
solved again  on  cooling. 

A  thorium  citrate  is  described  by  Chydenius*  but  he  did  not 
investigate  it  further  than  to  determine  the  percentage  of  oxide 
present.  The  investigation  of  this  citrate,  not  previously  noted, 
is  well  under  way  and  will  be  published  later  as  a  separate  paper. 
For  our  purposes  here  it  suflfices  to  state  that  the  precipitate  may 
best  be  obtained  and  separated  by  diluting  the  solution  from  five 
to  ten  times  and  holding  it  at  or  just  below  100°  C.  This  has  been 
done  by  placing  the  large  beaker  (Jena  glass)  into  a  boiling  water- 
bath  for  an  hour.     The  precipitate  settled  well  and   the  dear 

1  All  determinations  here  and  ekewhere  in  this  paper  were  corrected  to  4^  C 
s  PoRg.  Ann.^  119,  55  (1863) ;   "Kemisk  underaSkning  of  Thorzord  och  Thomlter" 
Helsing-foss,  1861. 
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supernatant  liquid  was  decanted;  the  precipitate  was  washed 
several  times  with  boiling  water  by  decantation,  the  settling 
occurring  while  the  beaker  was  surrounded  by  boiling  water. 
Finally  the  precipitate  was  thrown  upon  a  large  filter-paper  and 
washed  several  times  with  boiling  water,  or  until  the  wash-water 
was  only  faintly  acid  to  litmus.  The  precipitate  was  carefully 
removed  from  the  funnel,  avoiding  contamination  with  fibers  of 
the  filter-paper,  and  brought  to  a  constant  weight  at  105°  C.  in  an 
air-bath.  Prepared  thus  the  body  is  a  beautiful  white  heavy 
amorphous  powder  and  is  an  hydrated  citrate  of  the  real  thorium. 
Portions  of  this  purified  citrate  made  at  different  times  were 
ignited  in  platinum  crucibles  with  blast,  and  the  specific  gravity 
of  the  oxides  determined. 

Oxide  taken.  Specific  gravity 

Gram .  corrected  to  4'  C. 

0.1989  9.234 

0.6000  9.253 

0.3830  9.210 

0.4166  9.l88> 

From  these  determinations  it  appears  that  Nordenskjold  and 
Chydenius  very  likely  at  one  time  had  the  nearly  pure  thorium 
compound.  I  am  inclined  to  the  opinion 'that  the  oxide  obtained 
by  me  above  is  still  not  quite  pure  for  reasons  given  below.  (See 
also  radio-active  experiments. )  One  of  the  regrettable  features 
of  the  paper  is  that  I  am  unable  yet  to  submit  the  results  of  the 
spectroscopic  investigation  of  the  material.  Preliminary  atomic 
weight  determinations  have  been  made  from  this  oxide,  however. 

The  filtrates  (without  the  wash- water)  obtained  from  the  citrate 
mentioned  above  were  concentrated  in  platinum  on  a  water- bath. 
As  the  solution  became  concentrated  a  little  more  of  the  insoluble 
citrate  separated  out,  but  in  one  series  of  the  experiments  no  ef- 
fort was  made  to  separate  it.  but  the  whole  was  carried  down  to  a 
thick  sirup  and  allowed  to  cool,  when  it  became  a  mass  of  solid 
crystals,  more  or  less  opaque  from  the  insoluble  citrate  bound  up 
with  the  mass.  Two  grams  of  this  material  were  ignited  and  the 
specific  gravity  of  the  oxide  determined : 

Oxide  taken. 

Gram.  Specific  gravity.2 

0.4000  10.50 

1  Citrate  prepared  from  second  heating  of  one  of  the  solutions  which  was  not  com- 
pletely precipitated  at  first. 

s  Mr.  R.  O.  E.  Davis,  assistant  in  the  laboratory,  aided  in  some  of  the  physical  oon- 
stant  determinations.    He  is  at  present  at  work  on  the  citrates  and  molybdatci. 
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A  larger  quantity  of  the  saturated  citrate  solution  was  prepraed 
dan  most  of  the  insoluble  citrate  removed  according  to  the  method 
given.  About  2  liters  of  filtrate  (wash- water  not  included)  were 
concentrated  to  400  cc.  in  platinum  on  the  water-bath  when  a 
crystalline  scum  began  to  form.  The  dish  was  covered  and  al- 
lowed to  stand  over  night.  A  few  heavy  crystals  separated  at 
the  bottom.  The  thick  sirup  was  drained  from  the  crystals 
which,  without  crushing,  were  then  washed  three  times  with 
water,  and  dried  at  120**  C.  On  ignition,  31.61  per  cent,  of  oxide 
was  obtained.     The  specific  gravity  of  the  oxide  was  determined- 

Oxide  taken. 

Gram.  Specific  gravity. 

0.1789  8.77 

0.2024  8-47 

What  this  oxide  is  I  am  unable  to  say,  unless  it  be  the  new 
body  recently  reported  by  Hofman  and  PrandtP  as  a  contamina- 
tion of  zirconium  in  euxenite.  It  constitutes  only  a  very  small 
percentage  of  the  thorium  and  demands  careful  investigation, 
which  I  cannot  at  present  undertake  on  account  of  the  wealth  of 
other  material  demanding  more  immediate  attention.  I  should 
like  to  have  the  privilege  of  investigating  it  later,  however. 

When  the  sirup  obtained  above  was  further  evaporated  to 
about  300  cc. ,  a  white  crystalline  body  separated  and  formed  a 
thick  coating  on  the  bottom  of  the  dish.  The  liquid  was  decanted, 
and  the  crystals  washed  until  the  water  was  only  faindy  add, 
and  dried  at  120°  C.  The  residue  amounted  to  16.20  per  cent, 
after  ignition,  and  had  a  specific  gravity  of  10.14,  using  0.3820 
gram  of  oxide. 

On  continued  concentration  small  crops  of  crystals  were  ob- 
tained consisting  primarily  of  citric  acid  with  decreasing  percent- 
ages of  oxide.  These  salts  have  not  yet  been  closely  studied. 
When  the  sirup  was  brought  to  about  200  cc.  it  was  diluted 
approximately  to  a  liter  and  boiled.  A  small  precipitate  very 
similar  to  the  first  insoluble  thorium  citrate,  yet  diflFerent,  was 
obtained.  The  oxide  obtained  when  the  material  was  ignited 
was  exceedingly  white. 

Oxide  taken. 

G ram .  Specific  gravity. 

O.1812  11.26 

As  the  quantity  of  the  material  obtained  was  very  small,  too 
much  weight  should  not  be  given  to  this  value. 

1  Ber,  d.  ckem.  Ges.y  34, 1064  (1901). 
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Two  portions  of  the  filtrate  fr6m  this  precipitate  were  evapo- 
rated to  dryness  in  a  platinum  dish,  ignited,  and  the  specific 
gravity  of  the  residue  determined: 

Oxide  taken. 

Gram.  specific  gravity. 

I.  0.3560  10.46 

II.  0.8316  10.53 

II  was  Strongly  ignited  in  a  covered  platinum  crucible  for  three 
hours. 

These  determinations  prove  the  presence  of  an  oxide  having  an 
unusually  high  specific  gravity,  which  cannot  be  accounted  for 
except  by  the  presence  of  either  a  new  oxide  of  a  known  element 
having  greater  density  than  the  usual  non-volatile  residue  after 
ignition,  or  an  unknown  element.  It  is  needless  to  say  that  the 
absence  of  such  heavy  substances  as  lead  from  the  reagents  was 
proved.  From  the  variation  in  the  values,  assuming  no  error  in 
manipulation,  the  oxide  is  not  yet  pure,  but  careful  fractionation, 
using  much  greater  quantities  of  the  material,  gives  good  promise. 

n.     EXPERIMENTS  ON  THE  RADIO-ACTIVITY  OF  THE  OXIDES. 

In  writing  of  the  now  well  recognized  Becquerel  rays,  M.  and 
Mme.  Curie*  say  that  **the  property  of  emitting  rays  *  *  *  which 
act  on  photographic  plates  is  a  specific  property  of  uranium  and 
thorium  y  Sir  William  Cropkes*  has  practically  proved  that  the 
radio-activity  of  uranium  is  due  to  a  constant  constituent,  which 
can  be  partially  fractioned  out,  Ur(X).  In  the  same  paper  Dr. 
Crookes  presents  the  results  obtained  in  a  few  preliminary  experi- 
ments he  made  to  separate  thorium  compounds  into  an  active  and 
inactive  body.'  His  experiments  in  fractioning  thorium  sulphate 
gave  negative  results.  However  when  he  obtained  six  fractions 
by  crystallizing  the  nitrate,  "the  oxide  from  the  first  end  crystals 
gave  a  feeble  action,  while  the  other  end  gave  an  impression  about 
three  times  as  intense.  This  points  to  the  possibility  of  separa- 
ting from  thorium  its  radio-active  substance*'  (p.  421).  My 
own  experiments  are  in  exact  accord  with  the  above.  The  oxide 
(sp.  gr.  9.25)  obtained  from  the  insoluble  citrate  afiFects  the 
sensitive  plate  in  the  dark  after  an  exposure  of  seventy-two  hours 
but  slightly,  while  the  oxides  of  higher  specific  gravity  are  quite 
active.     A  number  of  plates  have  been  exposed,   using  oxides 

1  Compt.  rend,^  137,  175;  Cfum.  News,  78,  49  (1898). 
*  Proc.  Roy.  Soc.^  66,  409. 
»  Loc.cit. 
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obtained  through  the  research,  monazite  sand  from  which  the 
thorium  salts  were  prepared,  uranium  nitrate,  acetate,  uraninite, 
and  blanks  for  comparison.  The  radio-activity  increased  with 
the  increase  in  specific  gravity.  For  reasons  given  below  I  am  of 
the  opinion  that  the  9.25  thorium  oxide  is  not  quite  pure,  that 
is,  free  from  traces  of  the  higher  oxide,  hence  its  faint  activity. 
(See  above.     Method  of  application  is  outlined  below. ) 

I  am  not  yet  ready  to  assert  that  the  new  substance  obtained  is 
not  the  third  radio-active  body  reported  by  Debieme  in  pitch- 
blende,* actinium,  which,  he  states,  belongs  to  the  iron  group. 
From  Madame  Curie's  statement,  Debieme  supposes  that  the 
radio-active  property  observed  in  thorium  compounds  does  not 
belong  to  this  element,  but  is  due  to  a  foreign  material,  hence 
actinium  (?).  From  Rutherford's  experiments  on  induced  radio- 
activity, one  is  loath  to  accept  the  radio-activity  of  unprotected 
bodies  as  suflScient  evidence  of  their  sameness.  I  have  not  so  far 
had  time  to  apply  the  radiant  matter  test,  but  amassing  chemical 
evidence  so  far  obtained  points  to  the  presence  of  a  hitherto 
unrecognized  body. 

An  account  of  the  method  used  in  these  preliminary  experi- 
ments on  the  radio-activity  of  thorium  and  its  constituents  may 
be  of  interest.  The  plan  was  essentially  the  same  followed  by 
Dr.  Crookes,'  differing  somewhat  in  details.  Placing  small  circu- 
lar pill  boxes  containing  the  materials  directly  on  the  same  sensi- 
tive plates  was  not  satisfactory  on  account  of  the  excessive  radi- 
ation from  the  concentrated  active  body  in  all  directions.  Black 
glazed  paper,  the  size  of  the  plate,  was  punctured  with  circular 
holes  about  1.5  cm.  in  diameter  and  placed  dark  side  up  on  the 
plate.  A  sheet  of  silver- free  lead,  about  0.5  mm.  thick,  was 
similarly  cut  and  placed  on  the  paper,  which  served  to  protect 
the  plate.  The  material  was  placed  in  quantities  varying  from 
o.  25  to  I  gram  in  small  exhibition  glass  tubes  i  cm.  in  diameter 
and  5  cm.  tall.  These  cells  were  closed  by  sealing  thin  circular 
microscope  slide  covers  to  the  flange  with  Canada  balsam.  After 
air-drying,  the  cells  were  inverted  and  the  sealed  end  ]>laced  neatly 
over  the  circular  openings  in  the  lead  and  paper,  thus  exposing 
portions  of  the  plate  to  the  radiant  action  downward  through  a 
thin  medium  of  glass  and  air,  as  the  cells  were  not  in  contact 

1  Compt.  rend.,  October  lo,  1890,  and  April  a,  1900;  Chem.  News^  81,  169. 

2  Loc.  ctt. 
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with  the  sensitive  surface  nearest  the  tubes  being  held  up  by  the 
flange,  which  projected  beyond  the  circular  opening.  To  elimi- 
nate lateral  radiant  action,  each  cell  was  then  surrounded  by  a 
cylinder  of  lead,  which  was  filed  to  fit  snugly  upon  the  sheet  lead 
below.  These  cylinders  were  about  2.5  cm.  in  diameter,  inside, 
and  5.25  cm.  high.  Such  a  battery,  having  from  two  to  eight 
cells  differently  charged,  was  placed  in  a  box,  closed,  covered 
with  black  glazed  paper,  several  thicknesses  of  cloth  and  locked 
in  a  dark  room  for  various  lengths  of  time,  24  to  145  hours.  The 
plates  were  afterwards  developed. 

III.    DETERMINATION  OF  THE   ATOMIC   WEIGHT  OP  THORIUM. 

As  this  is  a  preliminary  paper,  a  detailed  discussion  of  the  vari- 
ous atomic  weights  accorded  thorium  by  the  several  workers  is 
beyond  its  scope  and  will  be  reserved  for  a  subsequent  communi- 
cation. Suffice  it  to  say  the  compounds  made  use  of,  as  reported 
by  Clarke,'  viz,,  the  sulphate,  oxalate,  acetate,  and  formate,  offer 
little  promise  of  either  concordant  or  satisfactory  results. 
Brauner  and  Povlicek*  have  recently  called  attention  to  a  serious 
source  of  error  in  using  the  anhydrous  sulphate.  The  careful 
work  of  Brauner  on  the  heptahydrated  thorium  tetrammonium 
oxalate'  gives  good  results  for  that  substance,  but  in  atomic 
weight  work  it  is  desirable  to  have  as  few  factors  as  possible  for 
consideration.  It  is  a  matter  for  surprise  that  none  of  the  halo- 
gen compounds  have  ever  been  used.  The  tetrachloride  was 
selected  for  this  preliminary  work.  It  may  be  that  the  bromide 
will  yield  even  better  results. 

Preparation  of  Thorium  Tetrachloride, — Thorium  dioxide  was 
prepared  from  the  purest  insoluble  citrate  by  intense  ignition, 
ground  to  an  impalpable  powder  in  an  agate  mortar  and  an  inti- 
mate mixture  made  with  a  thick  paste  composed  of  com  starch 
and  pure  sucrose  sirup.  Balls,  5-8  mm.  in  diameter,  were  made 
from  this,  dried  and  baked  at  140^-150^  C.  in  a  platinum  milk 
pan  until  thoroughly  browned.  They  were  then  heated  in  a  closed 
platinum  crucible  with  a  Bunsen  burner  until  thoroughly  carbon- 
ized. About  a  dozen  of  these  black  pellets  were  placed  into  a  per- 
fectly clean  dry  combustion  tube.  Freshly  prepared,  pure  dry 
chlorine  was  passed  through  the  tube,  that  portion  immediately 

*  Smithsonian  Institution,  "Constants  of  Nature,"  V,  revised,  1897,  p.  204. 
s  Froc.  Chem.  Soc.  (I/>nd.),  17,  63  (1901). 
'  Chem.  Soc.  Trans.  (I«ond.).  75,  951  (1898). 
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surrounding  the  balls  being  heated  to  dull  redness.  At  first  a 
white  vapor  formed ;  some  settled  on  the  tube  quite  a  distance 
from  the  heat  and  some  was  swept  into  the  lime  absorption  tower 
by  the  chlorine.  In  Chydenius'  paper^  it  appears  that  Berzdins 
observed  this  ''weisser  dampf"  and  he  states  that  it  is  not  finely 
divided  thorium  chloride.  This  is  the  impurity  which  was  noted 
above.  Then  beautiful  fern-like  crystals,  only  slightly  volatile, 
began  to  form  immediately  over  and  on  the  balls.  These  crystals 
are  the  purest  compound  of  thorium  ever  prepared  in  this  labora- 
tory.' After  two  hours  the  heat  was  removed  and  the  tube  al- 
lowed to  cool  in  a  current  of  chlorine,  which  was  subsequently  re- 
moved by  pure  dry  air  free  from  carbon  dioxide. 

These  crystals  absorbed  water  and  were  quite  soluble.  The  white 
volatile  vapor  mentioned  was  even  more  deliquescent.  The  femoid 
crystals  were  dissolved  in  water,  the  solution  made  up  to  loo  cc. 
in  a  standard  flask,  and  aliquot  portions  measured  out  by  means 
of  a  calibrated  standard  burette,  whose  outlet  was  so  constricted 
as  to  deliver  o.oi  cc.  by  drops. 

Those  portions  taken  for  the  determination  of  thorium  were 
measured  directly  into  weighed  platinum  crucibles,  which  were 
placed  into  perforations  of  a  porcelain  plate  over  a  water-bath,  and 
evaporated  to  dryness.  The  gelatinous  oxychloride  was  gently 
heated  first  over  a  Bunsen  burner  and  then  ignited  to  a  constant 
weight  over  the  blast-lamp.  A  beautiful  white  glistening  residae 
of  thorium  dioxide  was  obtained. 

For  the  determination  of  chlorine,  measured  quantities  were 
taken,  diluted  to  75  cc. ,  and  acidified  with  i  to  2  drops  pure  nitric 
acid.  Just  below  the  boiling-point  the  chlorine  was  precipitated 
with  a  weighed  quantity  of  silver  nitrate  prepared  according  to 
Stas.  The  precipitate  was  caught  in  a  weighed  Gooch  crudble, 
the  suction  flask  being  placed  in  an  asphalted  box.  The  crudble 
and  silver  chloride  were  then  dried  in  a  dark  air-bath  at  140^-150^ 
C.  to  a  constant  weight.  The  acid-washed  asbestos  from  which 
the  felt  was  made  was  previously  digested  in  boiling  hydro- 
chloric acid,  then  water,  then  hot  nitric  acid,  and  finally  washed 
with  boiling  water  until  not  the  faintest  evidence  of  the  presence 
of  halogens  was  obtained. 

1  Loc,  dt. 

<  I  was  assisted  in  the  preparation  of  the  tetrachloride  and  dry  ether  by  Dr.  A.  S. 
Wheeler,  associate  professor,  to  whom  I  wish  to  express  thanks. 
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esults  obtained : 

Thorium  dioxide  found. 

Per  100  cc. 

0.0903 

0.3612 

Silver  chloride  found. 

CI  per  100  cc. 

0.0812 

0.2007 

Thorium  dioxide  found. 

Per  100  cc. 

0.0542 

0.36133 

Silver  chloride  found. 

CI  per  100  cc 

0.1220 

0.20105 
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Calculations : 

CI4        0.2007  c 

xo,  _   036133       .,  X  =  .,3.3  ) 

CI4  0.201056  o  o    y 

It  is  very  interesting  here  to  note  that  both  Hermann's'  and 
Delafontaine's'  results  obtained  from  2ThS04.9H,0  and  corrected 
by  the  observations  of  Hillebrand'  to  ThS04.4HjO  give  223.06  ±: 
3426.  On  account  of  the  doubt  as  to  the  composition  of  the  sul- 
phate and  the  wide  divergence  in  the  value  obtained  (223.23) 
from  the  accepted  atomic  weight  of  thorium,  Clarke  correctly 
threw  it  out  of  consideration.  From  the  preliminary  values  ob- 
tained above,  which  were  not  reduced  to  a  vacuum,  the  results  as- 
sume importance. 

As  the  tetrachloride  is  so  readily  decomposed  by  water  and  a 
direct  comparison  between  a  known  amount  of  the  tetrachloride 
and  the  oxide  obtained  therefrom  is  desirable,  a  complete  analy- 
sis of  the  body  was  made. 

Preparation  of  Pure  Anhydrous  Ether. — Ether,  which  had 
stood  over  calcium  chloride  for  a  year,  was  decanted  over  fresh 
fused  calcium  chloride  and  allowed  to  remain  a  week.  It  was 
then  distilled  and  placed  over  freshly  cut  sodium  and  allowed  to 
stand  four  days.  It  was  again  distilled  and  placed  over  fresh 
sodium  and  left  three  days  until  no  more  bubbles  of  hydrogen  es- 
caped. This  process  was  repeated  until  fresh  sheets  of  sodium 
showed  no  tarnishing  and  no  hydrogen  bubbles  were  observable. 
It  was  finally  distilled.  In  all  these  operations  special  precau- 
tions were  taken  to  prevent  the  absorption  of  a  trace  of  moisture. 

More  tetrachloride  was  prepared  and  that  part  of  the  tube  on 
each  side  and  just  above  the  pellets  was  placed  in  a  perfectly  dry 
Soxhlet  apparatus.     At  the  upper  end  of  the  reflux  condenser 

1  '^ConsUnts  of  Nature,"  Clarke,  Part  5,  revised,  1897,  p.  204. 

*  Ard^.  set. pkys.  et  nat.^  (2),  18,  343- 

s  Bulletin  90,  U.  8.  Geological  Survey,  p.  29. 
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was  attached  a  calcium  chloride  tube.  After  the  apparatus  was 
in  place  it  was  learned  that  the  ground-glass  connection  of  the 
condenser  was  not  air-tight.  A  selected  velvet  cork  was  substi- 
tuted. When  the  extraction  had  continued  about  six  hours,  it 
was  discovered  that  an  overlooked  small  defect  of  the  cork  had 
permitted  the  gradual  introduction  of  about  a  drop  of  water, 
which  came  from  the  sweating  of  the  condenser  overhead.  As 
this  vitiated  the  experiment,  the  ether  was  evaporated  and  the 
whole  dissolved  in  water.  During  the  evaporation  a  small  amount 
of  hydrochloric  acid  was  detected  in  the  vapor.  For  that  reason 
the  experiment  must  be  discarded,  but  the  results  are  given : 

P   (  Thorium  dioxide  found 0.1020 

'  \  Chlorine  found 0.05636 

whence 

XO,  0.I02  ,  1.        •  •    1...  1 

-Cir    ""    ^:^6W   ■    ■■    «34.6s  =  atomic  weight.' 

The  pellets,  which  were  covered  with  excrescences  of  crystals 
of  the  tetrachloride,  were  repeatedly  shaken  in  a  small  Erlenmeyer 
flask  with  about  10  cc.  of  pure  dry  ether.  The  ether  was  filtered 
directly  into  a  weighed  platinum  crucible,  which  was  placed  in  a 
vacuum  desiccator,  in  the  bottom  of  which  was  pure  concentrated 
sulphuric  acid  and  above  chipped  paraffin.  The  tetrachloride  ap- 
pears to  be  soluble  in  about  1000  parts  of  dry  ether.  Proper  pre- 
cautions were  taken  to  dry  the  air  used  to  relieve  the  vacuum  of 
the  desiccator  and  prevent  back  rush  of  moist  air  from  the  pump. 
The  crucible  was  dried  at  105°  C.  for  half  an  hour  in  an  air-bath 
already  heated  and  weighed.  The  finely  crystallized  tetrachloride 
was  dissolved  in  2  cc.  of  pure  distilled  water  to  decompose  the 
chloride  and  form  the  oxychloride,  evaporated  to  dr>^ness, 
ignited,  and  weighed.     The  following  results  were  obtained  : 

Tetrachloride  used 0.0822  gram. 

Dioxide  found 0.0574  gram. 

__  XO,       0.0574  ^  .  .  ^ 

Hence  ;rj7^  = ~  - .     .•.222.13—  atomic  weight. 

XCI4      0.0822  ^  ^ 

In  all  calculations  the  following  values  were  used  :  O  —  16, 
CI  =-  35-45»  and  Ag  =  107.93. 

Another  ether  extract  was  made  as  above,  weighed  and  dis- 
solved in  water  and  the  chlorine  determined  by  titration  with  a 
standard  silver  nitrate  solution,  using  potassium  chromate  as  in- 
dicator,— method  of  Pelouze.      Tetrachloride  used,   o.oi  gram; 

1  His:her  chlorine  value  decreases  the  atomic  weight  of  thorium. 
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cubic  centimeters  of  silver  nitrate  required,  3.9,  each  cubic  centi- 
meter being  equivalent  to  o.ooi  gram  chlorine ;  hence  0.0039 
gram  chlorine  or  39  per  cent.  The  percentage  of  the  oxide  ob- 
tained from  the  chloride,  69.83. 

Calculating  for  ThCU. 
using  273.  using  323.5.  Pound. 

Th 61.03  61.18 

or, 

ThO, 69.83  70.17  69.83 

CI4 38.97  38.84  59.00 

These  discrepancies  do  not  deserve  discussion  as  the  data  are 
far  too  few  for  ascribing  the  proper  atomic  weight  to  thorium. 
The  last  analysis  is  important,  however,  as  we  have  secured  a 
substance  of  known  composition,  which  may  be  prepared  pure 
and  which  lends  itself  for  atomic  weight  determinations,  as  the 
dual  constituents,  thorium  and  chlorine,  can  be  determined  with 
accuracy.  The  figures  hold  interest  however,  as  it  may  be 
asserted  that  the  real  mass  equivalent  of  thorium  is  much  below 
that  hitherto  ascribed  to  it.     It  is  of  greater  interest  to  attribute 

« 

the  old  values  to  a  constant  unknown  impurity  in  practically  all 
the  materials  used.  This  constituent  must  be  an  element  of 
much  higher  atomic  weight. 

With  this  evidence  of  the  complexity  of  thorium  the  problem 
now  engrossing  my  personal  attention  is  the  separation  of  the 
compounds  of  this  element,  the  proof  of  their  purity.and  determi- 
nation of  the  physical  constants  and  chemical  properties.  From 
insufficient  data  already  obtained,  in  case  the  element  be  tetrava- 
lent,  it  appears  that  the  atomic  weight  lies  between  260  and  280. 
On  account  of  the  extensive  occurrence,  in  this  state  (North 
Carolina),  of  the  monazite  sands  from  which  the  original  material 
was  obtained,  if  the  investigation  give  a  successful  issue,  I  should 
like  to  have  the  element  known  as  Carolinium,  with  the  symbol 
Cn. 

As  this  is  a  preliminary  paper  only,  it  may  not  be  out  of  place 
to  state  the  lines  of  research  bearing  immediately  upon  the  sub- 
ject that  are  already  under  way  in  this  laboratory. 

I .  The  preparation  of  an  adequate  quantity  of  perfectly  pure 
thorium  compounds  with  which  to  continue  the  study  of  the 
radio-activity,  the  spectrum,  and  to  obtain  sufficient  tetrahalides 
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for  the  determination  of  the  true  atomic  weight  of  that  element, 
which  is  assuredly  different  from  the  number  usually  accorded  it 
and  dependent  at  present  upon  evidence  not  wholly  satisfactory. 

2.  An  investigation  of  several  of  the  old  thorium  compounds, 
like  the  hydrated  sulphates,  citrates,  etc.,  and  determination  of 
their  composition. 

3.  An  investigation  of  the  volatile  chloride  obtained  in  the 
preparation  of  the  thorium  tetrachloride. 

University  op  Nokth  Oakolina, 
June  I,  X901. 
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CONTRIBUTIONS  TO  THE  STUDY  OF  RUTHENIUM,  IV.» 

THB  CHLORIDES. 

By  Jas.  I«bwis  Howe. 

Received  Auifust  09.  1901. 

IN  his  early  work  upon  ruthenium,  Claus  described  two  classes 
of  chlorides,  Ru"'Clj,2XCl.  and  Ru'''Cl„2XCl,  corresponding 
to  two  of  the  general  types  among  the  metals  of  the  platinum 
group ;  the  former  made  by  the  action  of  hydrochloric  acid  upon 
any  of  the  soluble  oxides  or  hydrated  oxides,  the  latter,  generally 
at  least,  by  oxidation  with  nitric  acid.  The  trichloride  is 
formed  also  when  chlorine  acts  directly  upon  the  metal,  espe- 
cially in  the  presence  of  alkaline  chlorides. 

In  addition  to  these  chlorides,  Claus  called  attention  to  the 
fact  that  by  the  action  of  hydrogen  sulphide,  the  deep  red-brown 
solution  of  ruthenium  trichloride  becomes  dark  azure-blue,  prob- 
ably owing  to  reduction  to  a  bichloride,  Ru"Clj.  No  further  ad- 
vance was  made  on  the  chlorides  till  A.  Joly*  showed  that  the 
chloride  obtained  by  oxidation  with  nitric  acid  is  not  as  Claus 
had  supposed  the  tetrachloride,  but  a  nitrosochloride,  RuCl,NO. 
More  recently  U.  Antony'  has  shown  that  by  adding  potassium 

>  Re&d  in  abstract  at  Denver  meeting  of  the  American  Chemical  Society. 
*  Compi.  rend.,  107,  994  (1888)  ;  108,  854  (1889). 
s  Gazz.  chim.  itat.,  ap,  i  (18891. 
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ruthenate,  K^RuO^,  to  hydrochloric  add,  the  true  tetrachloride, 
Ru*^Cl4,2KCl,  is  really  formed,  and  it  appears  quite  possible  that 
Claus  may  have  had  this  salt  in  hand,  and  in  one  case  have  ana- 
lyzed it.  He  did  not  at  all  events  distinguish  it  from  the  nitroso- 
chloride.  Joly^  also  studied  the  azure-blue  solution  of  the  reduced 
chloride  and  concluded  that  it  contains  an  oxychloride,  RuCl,OH. 

The  nitrosochloride  series  of  salts  has  been  quite  fully  worked 
out  by  Joly,"  Brizard,'  and  the  author.*  The  present  paper  extends 
the  trichloride  series  of  Claus  and  the  tetrachloride  series  of  An- 
tony, to  some  of  the  cesium  and  rubidium  members,  and  pre- 
sents two  members  of  a  new  series,  RuO,Cl,,2XCl,  an  oxychloride 
intermediate  between  the  tetroxide  and  tetrachloride.  A  few 
notes  are  appended  on  the  blue  solution. 

Ruthaiium  Tetrachloride, — When  hydrochloric  acid,  or  free  or 
nascent  chlorine,  acts  upon  ruthenium  compounds,  in  almost 
every  case,  the  trichloride  is  the  resultant  product.  Joly,  as  well 
as  the  author,  tried  in  vain,  by  various  methods  of  chlorination, 
to  form  the  tetrachloride.  Apparently  RuCl,  will  not  take  up 
another  atom  of  chlorine.  Anton}-  first  wittingly  prepared  the 
chloride,  using  potassium  chlorate  to  oxidize  the  ruthenium  to 
ruthenate,  thus  insuring  the  absence  of  a  nitrate  and  hence  of 
nitrosochloride  formation.  The  solution  of  the  ruthenate  was 
then  added  to  dilute  hydrochloric  acid.  On  the  other  hand, 
when  the  acid  is  added  to  the  ruthenate,  even  at  a  temperature 
below  zero,  and  the  solution  concentrated  in  the  cold,  the  trichlo- 
ride is  the  only  product  I  have  been  able  to  obtain.  The  study 
of  the  conditions  of  formation  of  the  tetrachloride  are  much  en- 
hanced in  difficulty  by  the  close  resemblance  of  its  solutions  to 
those  of  the  trichloride.  I  have  as  yet  noted  but  a  single  analyt- 
ical reaction  in  which  the  two  compounds  differ  suflSciently  to  be 
readily  distinguished,  and  this  reaction  demands  the  dr>'  salt  free 
from  acid  and  in  a  fairly  pure  state;  nor  is  it  easy,  even  by  the 
microscope,  to  distinguish  the  presence  of  the  tetrachloride  in  a 
mixture. 

The  starting  point  of  the  work  of  the  present  paper  was  gener- 
ally ruthenium  tetroxide,  RuO^,  distilled  from  the  alkaline  ru- 
thenate solution  by  a  current  of  chlorine.     In  the  earlier  part  of 

1  Compt.  rend.,  114,  291  (1892). 

«  Loc.  cit. 

»  Bui.  Soc.  Chim.  [3]  13.  1092  (1895) ;  Compt.  rend.,  laa,  730  (1896). 

*  This  Journal,  16,  3S»  (1894). 
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my  work,  the  ruthenate  was  formed  by  fusing  metallic  ruthe- 
nium, or  ruthenium  residues  of  any  kind  (which  must  be  free 
from  osmium)  with  caustic  potash  and  saltpeter,  in  a  silver  dish. 
The  introduction  of  sodium  peroxide  into  the  laboratory  has  oc- 
casioned much  economy  of  time  and  trouble  in  this  operation. 
The  ruthenium,  in  any  finely  divided  form,  is  slightly  mixed  in  a 
nickel  dish  with  three  or  four  times  its  volume  of  sodium  peroxide 
and  warmed  with  occasional  stirring  till  it  becomes  nearly  but  not 
quite  completely  fused.  The  conversion  into  sodium  ruthenate 
is  rapid  and  generally  complete,  and  the  melt  is  readily  soluble  in 
a  small  quantity  of  water.  To  avoid  undue  heating,  it  is  well  to 
rest  the  nickel  dish  in  a  beaker  full  of  cold  water,  or  on  a  piece 
of  ice,  while  dissolving  the  melt.  The  strong  solution  of  the  ru- 
thenate is  poured  into  a  small  tubulated  retort,  and  through  it  is 
passed  a  fairly  rapid  current  of  chlorine.  As  the  solution  becomes 
saturated,  the  ruthenium  tetroxide  begins  to  pass  off  as  a  golden 
yellow  vapor,  and  maybe  completely  removed  from  the  solution  by 
gently  warming  and  finally  bringing  to  a  boil.  When  it  is  desired 
merely  to  obtain  a  pure  ruthenium,  the  tetroxide  may  be  led 
directly  into  dilute  alcoholic  potash,  but  when  the  pure  tetroxide 
is  desired,  an  adapter  is  arranged  leading  into  a  large,  stoppered 
test-tube,  and  from  this  any  uncondensed  tetroxide  together  with 
the  chlorine  is  led  into  an  aqueous  solution  of  potash.  Beyond 
the  potash  bottle  may  be  placed  a  bottle  of  alcoholic  potash, 
which  will  effectually  retain  every  trace  of  ruthenium.  Before 
the  introduction  of  the  aqueous  potash  bottle,  it  was  found  that 
the  vapors  of  alcohol  diffused  slightly  into  the  tetroxide  tube, 
causing  decomposition.  In  one  instance  owing  to  the  stopping  of 
the  chlorine  current  a  little  of  the  alcoholic  potash  was  drawn 
over  into  the  tube,  which  then  contained  perhaps  3  or  4  grams  of 
the  tetroxide.  A  very  violent  explosion  occurred  which  shattered 
the  apparatus,  and  filled  the  room  with  dense  black  smoke.  This 
ruthenium  soot,  evidently  an  oxide,  differs  from  any  described 
anhydrous  oxide,  in  being  very  soluble  in  dilute  hydrochloric 
acid.     The  trichloride  is  formed. 

If  the  absence  of  osmium  be  assured,  this  method  of  preparing 
the  tetroxide  or  of  purifying  ruthenium  is  very  satisfactory,  be- 
ing fairly  expeditious  and  without  danger.  The  fumes  of  ruthe- 
nium tetroxide,  though  somewhat  suffocating,  appear  to  have  the 
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irritating  and  poisonous  qualities  of  the  osmium  tetroxide  to  a 
very  slight  degree  if  at  all. 

When  ruthenium  tetroxide  is  treated  with  hydrochloric  acid  in 
the  cold,  it  is  slightly  soluble  to  a  light  reddish  yellow  solution. 
On  standing,  or  on  warming,  the  solution  becomes  dark  red  and 
chlorine  is  evolved.  The  rapidity  of  this  change  is  proportional 
to  the  strength  of  the  acid,  and  to  the  temperature.  In  five  times 
normal  acid,  at  ordinary  temperature,  some  unchanged  RuO^  is 
present  in  the  solution  after  standing  several  days.  The  primary 
product  obtained  on  treating  the  dark  red  solution  with  an  alka- 
line chloride  is  the  trichloride,  of  formula  Ru*"Cl,2XCl  generally 
at  least  with  one  molecule  of  water,  and  until  recently  no  other 
compounds  have  been  recognized. 

If,  however,  ruthenium  tetroxide  is  covered  with  water,  in 
which  it  is  but  slightly  soluble,  a  strong  solution  of  cesium  (or 
rubidium)  chloride  added,  and  the  whole  acidified  with  a  small 
amount  of  hydrochloric  acid,  the  tetroxide  is  gradually  conveited 
into  the  double  salt  of  the  oxychlorruthenate  to  be  described  in 
the  next  paragraph.  This  salt  on  boiling  with  concentrated 
hydrochloric  acid  is  converted  into  the  double  salt  of  ruthenium 
tetrachloride,  but  some  of  the  trichloride  seems  to  be  formed  at 
the  same  time.  Many  efforts  were  made  to  obtain  the  tetrachlo- 
ride directly  from  the  tetroxide,  but  the  exact  conditions  of  the 
reaction  were  not  found  ;  the  tetrachloride,  however,  not  seldom 
appeared  in  the  products.  The  best  specimen  obtained  (analysis 
3)  was  the  second  crop  of  crystals  from  evaporating  the  filtrate 
from  the  precipitation  by  alcohol  of  the  reaction  products  of  the 
tetroxide,  cesium  chloride,  and  concentrated  acid.  The  previous 
crop  had  consisted  of  a  mixture  of  the  tetrachloride,  and  a  rose 
salt  to  be  mentioned  later.  Cesium  and  rubidium  chlorruthe- 
nates,  Cs^Ru'^  CI,  and  Rb^Ru^^Cl,,  when  well  crystallized,  consist 
of  black,  almost  opaque,  regular  octahedra,  resembling  the  cor- 
responding salt  of  the  other  platinum  metals ;  when  precipitated 
from  solutions  by  alcohol,  they  are  buflF  powders,  hardly  distin- 
guishable as  crystalline.  They  are  almost  insoluble  in  cold  water, 
barely  tinting  the  water  brown  ;  on  heating,  the  solution  becomes 
darker  and  slightly  purplish,  the  salt  being  decomposed.  If  now 
a  drop  of  concentrated  hydrochloric  acid  is  added,  a  deep  purple 
color  is  noticeable  in  the  brown  solution,  but  it  soon  disappears, 
leaving  the  solution  brownish.     This  reaction,  which  is  very  sat- 
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isfactory  if  the  salt  is  quite  pure,  is  the  only  one  yet  found  which 
differentiates  clearly  the  tetrachloride  from  the  trichloride.  The 
tetrachloride  is  less  soluble  in  concentrated  hydrochloric  acid  than 
the  trichloride  ;  is  fairly  soluble  in  hot  dilute  hydrochloric  acid. 
The  solution  in  hydrochloric  acid  resembles  that  of  the  trichlo- 
ride, save  for  a  slight  cast  of  pink  to  the  deep  red  concentrated 
solutions,  and  a  pure  yellow  in  dilute  solutions,  as  against  the 
reddish  cast  to  the  yellow  of  the  trichloride. 

The  alkalies  give  a  dull  greenish  blue  precipitate  (or  color 
only  with  ammonia) ;  with  all  other  reagents  tested,  the  reactions 
in  no  wise  differed  from  those  of  the  salts  of  ruthenium  trichloride. 
When  acidified  with  hydrochloric  acid  and  boiled  in  dilute  solu- 
tion, especially  with  alcohol,  the  solution  becomes  rose,  and  on 
slow  evaporation  the  rose  prisms  described  later  are  found  together 
with  the  octahedra  of  the  unchanged  tetrachloride. 

Cesium  and  Rubidium  Oxychlomithenate,  Cs^RuOjCl^  and 
Rb,RuO,Cl,  (2CsCl,RuO,Cl„  and  2RbCl,RuO,Cl,).— These  salts 
are  slowly  formed  by  the  action  of  a  solution  containing  little 
hydrochloric  acid  and  much  alkaline  chloride,  on  excess  of 
ruthenium  tetroxide,  in  the  cold.  Owing  to  the  volatility  of  the 
tetroxide  and  its  instability,  especially  in  the  presence  of  any 
organic  vapors,  the  best  method  of  preparing  the  salt  was  found 
to  be  as  follows :  Two  or  three  grams  of  ruthenium  tetroxide 
(more  or  less  water  is  in  the  distillate  used)  were  poured  into  a 
glass  weighing- tube  of  3  cm.  diameter.  A  few  cubic  centimeters 
of  a  quite  concentrated  solution  of  cesium  (or  rubidium)  chloride 
were  added  and  a  few  drops  of  concentrated  hydrochloric  acid. 
The  tube  is  then  stoppered  and  shaken  from  time  to  time.  The 
stopper  must  be  occasionally  removed  to  permit  the  escape  of  the 
chlorine  generated.  In  the  course  of  twenty- four  hours,  a  con- 
siderable crop  of  the  crystals  of  the  salt  may  be  removed,  dried 
on  a  tile,  and  after  the  volatilization  of  the  ruthenium  tetroxide 
which  will  be  present,  the  salt  may  be  washed  by  a  trace  of  hy- 
drochloric acid.  Successive  crops  may  be  obtained.  These  salts 
consist  of  dark  purple  isometric  crystals,  showing  the  octahedron, 
cube,  and  rhombic  dodecahedron.  They  are  quite  soluble  in  cold 
hydrochloric  acid  to  rose  solution,  yellow  on  dilution;  from  cold 
solution,  the  salt  crystallizes  out  unchanged,  even  in  the  presence 
of  alcohol. 

On  heating  with  hydrochloric  acid,  chlorine  is  evolved  and  the 
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corresponding  salt  of  ruthenium  tetrachloride  crystallizes  out. 

The  characteristic  reaction  of  the  oxychlorruthenatc  is  its 
instant  decomposition  by  water.  When  even  a  very  small  crys- 
tal is  let  fall  into  a  drop  of  water  on  a  watch-glass,  it  at  once 
dissolves  and  decomposes,  rendering  the  whole  drop  a  black 
liquid.  At  the  same  time  there  is  noticeable  a  marked  odor  of 
ruthenium  tetroxide.  The  salt  is  also  decomposed  by  sulphuric 
and  nitric  acids  with  the  evolution  of  the  same  odor. 

These  two  salts  belong  to  a  type  with  very  few  representatives. 
P^ligot  by  the  action  of  hydrochloric  acid  on  potassium  uranate 
obtained  2KCl,UOaCl,.2HjO,  and  Sendtner  prepared  the  corre- 
sponding bromide. 

By  the  action  of  hydrofluoric  acid  on  potassium  tungstate, 
Berzelius  obtained  2KF.W0,F,.H,0  and  two  or  three  other 
analogous  tungstates.  The  chlorotungstate  WO,Cl„  like  the 
corresponding  MoO,Cl,  and  CrO,Cl,,  exhibits  no  tendency  to  form 
salts.  Piccini's  ammonium  fluotitanate,  3NH4F,TiO,F,,  seems 
rather  of  the  nature  of  a  peroxide. 

The  uniform  nature  of  the  oxychlorruthenate  was  evident 
imder  the  microscope,  before  and  after  recrystallization.  The 
absence  of  water  or  of  hydroxyl  groups  in  the  salt  was  shown  by 
heating  in  oxygen  stream  in  a  tube  guarded  at  either  end  with  a 
phosphorus  pentoxide  tube  (see  Analysis  9).  This  shuts  out  the 
possibility  of  the  salt  being  Ru(OH),Cl,.  The  formation  of  the 
salt  and  its  decomposition  with  hydrochloric  acid  are  shown  by 
the  formulas : 

(a)  RuO,  +  4HCI  +  2CsCl  =  2CsCl,RuO,Cl,  +  2H,0  +  CI,. 
(d)  2CsCl,RuO,Cl,  +  4HCI  =  2CsCl,RuCl,  +  2H,0  +  CI,. 

The  odor  of  ruthenium  tetroxide,  when  the  salt  is  decomposed 
by  water  or  other  acids  than  hydrochloric,  may  be  the  odor  of 
ozone,  the  formation  of  which  would  be  readily  explicable.  When 
ruthenium  tetroxide  comes  in  contact  with  any  organic  substance 
it  is  instantly  decomposed,  audit  may  well  be  that  the  oxide  is 
decomposed  before  stimulating  the  olfactory  nerves,  and  the  odor 
recognized  is  that  of  ozone,  formed  by  the  decomposition  of  the 
oxide.      At  least  the  two  odors  resemble  each  other  very  closely. 

Ruthenium  Trichloride  Salts, — The  salts  of  the  lighter  alkali 
metals  have  been  fully  described  by  Glaus  and  Joly .  Cesium  and 
rubidium  chlorides  show  the  familiar  tendency  to  form  complex 
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salts  with  ruthenium  trichloride,  according  to  the  conditions  of 
experiment.  The  normal  salts  are  Cs,RuCl5.H,0  and  Rb^RuClft. 
H,0,  the  presence  of  the  water  of  crystallization  being  confirmed 
by  Analyses  13  and  17.  The  water  is  slowly  driven  off  by  heat 
and  at  250°  one  atom  of  chlorine  is  very  slowly  lost. 

Indications  of  more  complex  salts  were  obtained  and  several 
analyses  of  these  are  appended.  In  most  of  these  cases  there  is 
no  assurance  that  the  salt,  always  difficult  to  dry,  was  pure  or 
uniform  (except  21),  but  the  fact  that  salts  of  approximately  the 
same  composition  were  obtained  from  different  sources,  points  to 
the  probability  that  they  are  definite  compounds. 

One  salt,  however,  of  this  class  is  characterized  by  forming  uni- 
form, transparent,  rose  prisms,  with  extinction  parallel  to  the 
prism.  These  are  deposited  from  the  rose  solution  obtained 
when  a  slightly  acid  solution  of  the  tetrachloride  is  heated  with 
considerable  excess  of  water  and  alcohol.  It  is  also  deposited 
from  the  filtrate  after  the  electrolytic  reduction  of  the  trichloride. 
It  is  also  probably  formed  in  dilute  solutions  of  the  trichloride, 
but  it  has  not  been  analyzed,  nor  positively  identified  from  this 
source.  It  is  not  very  soluble  in  hydrochloric  acid,  and  is  very 
slightly  soluble  in  water.  It  can  be  crystallized  apparently  un* 
changed  from  hydrochloric  add,  but  on  evaporating  to  dryness  in 
hydrochloric  acid  solution,  some  tetrachloride  is  formed.  The 
composition  of  these  rose  prisms  is  Cs,RuCl5.H,0,  the  same  as 
that  of  the  normal  cesium  salt  of  the  trichloride,  but  they  are 
very  distinct  from  that  salt,  and  should  probably  be  looked  upon 
as  an  aqtio  salt,  2CsCl,Ru(OH,)Cls,  corresponding  to  the  tetra- 
chloride, 2CsCl,RuCl,. 

Ruthenium  Duh/oride  (}).—Vorty  years  before  the  discovery 
of  ruthenium  by  Claus,  Vanquelin  had  noticed  the  azure-blue 
color  produced  by  the  action  of  zinc  upon  certain  solutions,  a  re- 
action which  he  attributed  to  osmium.  One  of  the  most 
characteristic  reactions  of  trivalent  ruthenium  is  this  blue  color 
formed  by  the  action  of  hydrogen  sulphide.  Since  it  is  produced 
by  the  action  of  reducing  agents  upon  the  solution  of  ruthenium 
trichloride,  Claus  attributed  it  to  the'formation  of  a  bichloride,  but 
he  did  not  separate  the  salt.  When  a  mixture  of  chlorine  and  carbon 
monoxide  is  passed  over  finely  divided  ruthenium  at  a  compara- 
tively low  temperature,  a  very  voluminous  powder  is  obtained 
which  contains  anhydrous  trichloride,  as  shown  by  Joly.     This 
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is  insoluble  in  water,  acids,  and  strong  alcohol,  but  is  freely 
soluble  in  dilute  alcohol,  to  the  same  dark  azure-blue  solution. 
On  distilling  the  solution  in  vacuum,  Joly  obtained  what  he  con- 
sidered to  be  an  oxychloride,  and  he  looked  upon  the  blue  solu- 
tion as  Ru(OH)Cl,.  Inasmuch  as  in  the  solution  of  this  variety 
of  the  trichloride,  aldehyde  is  formed,  and  since  the  blue  color  is 
produced  in  every  case  by  a  reducing  action,  it  seems  to  me 
probable,  that  a  true  bichloride  is  present.  In  spite  of  much 
effort,  I  have  not  succeeded  in  preparing  a  pure  salt  from  the  blue 
solution,  but  several  that  have  been  prepared  point  to  a  compound 
of  the  formula  3CsCl,2RuCl,.2H,0.  These  were  formed  by 
reducing  a  solution  of  ruthenium  trichloride  in  an  electrolytic 
cell,  and  immediately  adding  a  solution  of  cesium  or  rubidium 
chloride.  The  fine  precipitate  varies  from  dark  greenish  blue 
to  olive-green,  oxidizes  with  great  rapidity,  and  is  very  diflScult 
to  filter  and  wash,  even  under  suction.  Analyses  of  a  numberof 
the  precipitates  are  given,  two  of  which,  24  and  25,  point  to  the 
above  formula.  In  the  others  the  amount  of  chlorine  is  too 
large  in  proportion  to  the  ruthenium  for  RuCl,,  though  in 
every  case  less  than  is  required  for  RuClj.  The  addition  of  cesium 
chloride  to  the  blue  alcoholic  solution  of  the  anhydrous  trichloride 
causes  a  precipitate  much  resembling  that  from  the  solution  ob- 
tained by  electrolytic  reduction,  but  it  has  not  yet  been  found 
possible  to  filter  it  off  and  wash  it.  The  investigations  upon  the 
blue  solution  are  still  being  carried  on. 

Another  investigation  now  in  progress  may  also  be  mentioned 
in  this  connection.  An  attempt  was  made  to  reduce  the  trichlo- 
ride of  ruthenium  by  stannous  chloride.  If  the  salt  is  not  com- 
pletely in  solution  a  fugitive  greenish  blue  solution  is  produced, 
but  in  general  the  dark  yellowish  red  solution  of  the  trichloride 
becomes  much  lighter,  and  if  dilute,  is  almost  completely  decolor- 
ized. On  adding  water  to  this  solution  a  yellow  flocculent  pre- 
cipitate is  formed,  which  contains  all  the  ruthenium  which  wasin 
the  solution.  This  precipitate  is  insoluble  in  hot  water,  but 
easily  soluble  in  hydrochloric  acid,  from  which  it  is  again  pre- 
cipitated on  dilution.  From  the  hydrochloric  acid  solutions  are 
obtained  two  crystalline  salts :  one  consists  of  white  to  pale  yel- 
low octahedra  of  cesium  (or  rubidium)  chlorostannate,  thus  show- 
ing an  oxidation  of  the  tin;  the  other  crystals  are  brilliant  red 
(apparently)  octahedra.     These  seem   to  be  perfectly  uniform 
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and  analysis  shows  them  to  contain  both  tin  and  ruthenium. 
For  the  material  used  in  my  work,  I  am  indebted  to  Johnson, 
Matthey  and  Co.,  of  London,- for  crude  ruthenium  ;  to  Baker  & 
Co.,  of  Newark,  N.  J.,  for  the  use  of  .several  ounces  of  iridos- 
mium  ;  and  to  the  Imperial  Academy  of  Sciences,  through  its 
president  and  Professor  N.  N.  Beketoff,  director  of  its  labora- 
tory, for  a  considerable  quantity  of  ruthenium. 

ANALYTICAL  WORK. 

The  analysis  of  most  of  the  salts  described  in  this  paper  was 
carried  out  by  heating  0.2  to  0.35  gram  of  the  salt  contained  in  a 
platinum  or  at  times  in  a  porcelain  boat,  in  a  combustion  tube  in  a 
current  of  hydrogen.  The  hydrochloric  acid  evolved  was  col- 
lected in  a  solution  of  silver  nitrate,  guarded  by  a  second  silver 
nitrate  solution,  to  prove  complete  absorption  of  the  gas.  This 
gave  the  chlorine  freed  from  the  ruthenium  by  heat.  The  resi- 
due, consisting  of  ruthenium  and  alkali  chloride,  was  extracted 
with  hot  water,  followed  by  dilute  acid.  The  alkali  chloride 
was  then  determined,  either  by  evaporation  or  by  precipitation  of 
the  chlorine.  The  ruthenium  was  heated  in  a  hydrogen  stream 
before  weighing  ;  occasionally  the  ruthenium,  on  being  brought 
to  the  air,  glowed,  and  was  slightly  oxidized,  giving  results  a 
little  too  high. 

For  the  direct  determination  of  water,  or  hydroxyl  groups,  the 
salt  was  heated  in  oxygen  in  a  porcelain  boat,  and  several  coils 
of  silver  foil  kept  in  front  of  the  boat.  The  rear  end  of  the  com- 
bustion tube  was  guarded  by  a  phosphorus  pentoxide  tube,  and 
the  gas  from  the  tube  passed  through  a  weighed  phosphorus 
pentoxide  tube.  The  chlorine  given  off  in  the  oxygen  stream 
was  almost  completely  held  by  the  first  silver  coil.  After  heat- 
ing in  oxygen,  the  phosphorus  pentoxide  tube  was  removed,  sil- 
ver nitrate  solution  substituted,  and  the  analysis  continued  in  a 
hydrogen  stream  in  the  usual  way.  The  only  defect  of  this 
method  is  that,  even  at'  the  low  heat  used,  a  small  quantity  of 
ruthenium  is  volatilized  in  the  oxygen;  hence,  where  this  method 
was  used  the  ruthenium  is  a  little  low. 

Cesium  Chlorruthenate ,  Cs^RuClg. — Dark  brown  to  black  pow- 
der; under  the  microscope  black  octahedra;  larger  crystals  are  dark 
purplish  red  by  transmitted  light.  It  is  almost  insoluble  in  water, 
very  slightly  soluble  in  hydrochloric  acid.     It  is  best  dissolved  in 
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hot  dilute  hydrochloric  acid,  giving  a  reddish  yellow  solution,  a 
decided  yellow  on  dilution.  The  aqueous  .solution  somewhat  decom- 
posed on  hoiling.  The  usual  ruthenium  reactions  were  given  with 
potassium  thiocyanate,  and  with  ammonia  and  thiosulphate.  The 
purple  of  this  latter  reaction  comes  more  quickly  than  with  the 
trichloride  salts. 

1.  Filtrates  from  Cs,RuO,Cl^  (formed  from  RuO^,  CsCl,  and 
HCl),  boiled  with  hydrochloric  acid,  precipitated  by  alcohol  as 
buff  powder  and  recrystallized  from  hydrochloric  acid,  0.2171 
gram. 

2.  The  alcoholic  filtrate  (similar  to  i)  evaporated  somewhat 
giving  on  cooling  black  and  red  (CSjRu(OH,)Cls)  crystals,  ex- 
tracted with  warm  hydrochloric  acid  in  which  red  crystals  are 
more  soluble,  0.4220  gram. 

3.  From  2  by  further  evaporation.  Resembles  black  sand, 
0.61 18  gram. 

4.  From  Cs,Ru(OH,)Cl,  (rose  prisms)  by  boiling  with  con- 
centrated hydrochloric  acid.  Contains  small  amount  of  trichlo- 
ride, 0.2038  gram. 

I.  2.  3.  4*  Theory. 

Ruthenium 17-69  17.94  17.64  ..-•  17.51 

Chlorine  (with  ruthenium)..  23.76  22.54  24.05  22.11  24.44 

Cesium 46.63  46.00  45.59  ••-•  45.82 

Chlorine  (with  cesium) 12.42  12.27  12.16  12.22 

Rubidium  Chlorruthenate ,  Rb,RuCl,. — Octahedra,  similar  to  the 
cesium  salt. 

5.  Crystallized  out  of  evaporated  alcoholic  filtrate  from  pre- 
cipitation of  salt  formed  by  warming  RuO^  with  RbCl  and  strong 
hydrochloric  acid,  0.2914  gram. 

5.  Theory. 

Ruthenium 21.20  20.93 

Chlorine  ( with  ruthenium ) 28. 78  29.22 

Rubidium 35.12  35.24 

Chlorine  (with  rubidium) I4«99  \^M 

Cesium  Oxychlorruthenate,  Cs^RuOjCl;,  or  2CsCl,RuO,Cl,.— 
Dark  reddish  purple  powder;  under  microscope  regular  octahedra. 
Decomposed  instantly  by  water,  giving  black  precipitate.  Soluble 
in  cold  hydrochloric  add  to  rose  solution ;  evolves  chlorine  with 
hot  hydrochloric  acid  ;  decomposed  by  sulphuric  acid  and  nitric 
acid,  giving  odor  of  RuO^  (O,?) ;  deflagrates  slightly  on  heating. 
Formed  by  the  action  of  cesium  chloride  and  dilute  hydrochloric 
acid  on  RuO^  with  little  water. 
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6.  First  crop  of  crystals,  0.2955  gram. 

7.  Second  crop,  0.3635  gram. 

8.  6  and  7  mixed,  0.4538  gram. 

6.                 7.  8.  Theory. 

Rutbeniutn 20.51  21.76  18.86  18.76 

Chlorine  (with  ruthenium)  ..  12.91  13.72  ..••  13.11 

Cesium 48.29  48.76  49.18  49.1 1 

Chlorine  (with  cesium) 12.25  12.45  13.12  13.11 

Oxygen • ••••  ••.•  5*9^ 

Rubidium  Oxychlorruthenaie,  Rb^RuOjCl^. — Similar  to  cesium 
salt.  Formed  in  a  similar  manner,  except  in  closed  vessel.  Second 
crop  of  crystals,  washed  with  hydrochloric  acid. 

9.  Heated  in  oxygen  with  silver  coils  and  phosphorus  pentoxide 
tubes,  0.2843  gram. 

10.  Heated  in  hydrogen,  0.2995  gram. 

9.                    10.  Theory. 

Ruthenium ^^*^  22.70  22.76 

Chlorine  (with  ruthenium) .   .  15.78  16.07  ^$-88 

Rubidium 38.80  38.43  38.31 

Chlorine  (with  rubidium)  ....   16.09  15*93  15.88 

Oxygen 6.53  7.17 

In  9  the  increase  in  weight  in  the  phosphorus  pentoxide  tube 
was  0.0021  gram.  The  formula  Rb,Ru(OH)j,Cl^  would  have  re- 
quired 0.0114  gram. 

In  10  the  oxygen  was  determined  by  loss  of  weight  in  hydrogen 
less  chlorine  given  off. 

Cesium  Aquochlorruthenate,  Cs,Ru(OH,)Cl5or  2CsCl,Ru(OH,) 
CI,. — Rose  prisms  several  millimeters  long,  no  end  faces,  extinc- 
tion parallel  to  edges  of  prism,  when  fine,  as  when  precipitated  by 
alcohol,  a  buff  powder.  Very  slightly  soluble  in  water,  more  solu- 
ble in  hydrochloric  acid  to  rose  solution,  pink  on  dilution.  Crys- 
tallizes unchanged  from  solution  in  hydrochloric  acid,  but  evap- 
orated with  hydrochloric  acid  on  water-bath  is  partly  converted 
into  Cs^RuCl^. 

11.  Precipitated  by  alcohol  from  blue  filtrate  from  electrolytic- 
ally  reduced  RuCl,  and  CsCl ;  buflE  powder,  0.1493  gram. 

12.  From  evaporated  filtrate  after  partial  precipitation  of 
Cs^RuClg  (Analysis  i)  by  alcohol.     Rose  prisms,  0.2636  gram. 

II.  12.  Theory. 

Ruthenium 17.88  18.25  18.07 

Chlorine  (with  ruthenium)...  18.93  18.76  18.90 

Cesium 47.48  46.93  47.23 

Chlorine  (with  cesium) 12.67  12.52  12.60 

Water  (by  loss) 2.97  3.74  3.20 
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Cesium  Ruthenium  Trichloride,  CSjRuClj.HjO  or  2CsCl,RuCl,. 
H,0 . — Dark  brown  powder ;  under  the  microscope,  tables,  probably 
orthorhombic  ;  when  thin,  brown  ;  when  thicker,  dark  brownish 
red.  Some  crystals  one  or  two  millimeters  long  exhibit  base, 
pinacoids  and  dome.  The  chemical  properties  are  those  of  ordi- 
nary salts  of  ruthenium  trichloride.  Fairly  soluble  in  water  and 
hydrochloric  acid. 

13.  Formed  by  action  of  RuO^  on  hydrochloric  acid  and  addi- 
tion of  cesium  chloride.  Recrystallized  from  dilute  hydrochloric 
acid.  Analysis  in  oxygen  with  phosphorus  pentoxide  lubes, 
0.4019  gram. 

13.  Theory. 

Ruthenium 18.61  18.07 

Chlorine  (with  ruthenium) 19. 1 1  18.90 

Cesium 47.23 

Chlorine  (with  cesium) 12.60 

Water  (by  phosphorus  pentoxide)  .     3.28  3.20 

Rubidium  Ruthenium  Trichloride,  RbjRuCl^.HjO,  or  2RbCl, 
RuClj.HjO. — Properties  and  formation  similar  to  cesium  salt. 

14.  RuO^  treated  with  concentrated  hydrochloric  acid  and  RbCl 
cold  ;  recrystallized  from  hydrochloric  acid,  0.3235  gram. 

15.  Same  method  but  warm  hydrochloric  acid  ;  recrystallized, 
0.2925  gram. 

16.  Same  method,  warm  hydrochloric  acid  ;  minute  brown 
transparent  tables,  not  recrystallized,  0.2598  gram. 

17.  Same,  recrystallized,  analysis  in  oxygen  with  phosphorus 
pentoxide  tubes,  0.2480  gram. 

18.  RUO4  precipitated  as  hydrated  oxide  by  alcoholic  potash. 
Precipitate  dissolved  in  hydrochloric  acid  and  RbCl  added  to  hot 
solution.  Crystallized  out  on  cooling.  Heated  to  260°  two 
hours.  A  subsequent  experiment  showed  that  this  salt  continued 
to  lose  weight  very  slowly  at  260°  during  upwards  of  a  week  and 
only  becomes  constant  when  one  atom  of  chlorine  has  been  given 
ofif,  0.2027  gram. 

14.  15.             16.  17.            18.  Theory. 

Ruthenium 22.13  22.46  22.25  23.15  22,39  21.73 

Chlorine  (with  ruthenium).  22.90  22.42  23.37  23.01  23.09  22.74 

Rubidium 37.88  36.27  37.45  35.78  37.17  3M 

Chlorine  (with  rubidium)..  15.71  15.66  14.45  ^4-83  15.41  I5'9 

Water 2.26^  3.18*       2.08*  2.66«  4.58*  385 

»  By  difference. 

*  By  phosphorus  pentoxide. 

'  3. 1 1  at  260°  +  1.47  hy  difference. 
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Complex  Cesium  Salts  0/ Ruthenium  Trichloride, — Analyses  give 
evidence  of  the  existence  of  a  number  of  these  salts,  though  the 
formulas  cannot  be  considered  as  established,  as  there  is  no  cer- 
tainty that  the  substance  analyzed  was  completely  uniform. 
Analyses  of  three  of  these  salts  are  appended. 

19.  Fine  brown  powder,  precipitated  by  cesium  chloride  from 
a  solution  of  RuO^  in  concentrated  hydrochloric  acid,  0.5496  gram. 

20.  Minute  brown  crystals  precipitated  by  alcohol  from  the 
filtrate  from  19,  0.0744  Z^^^- 

They  both  correspond  most  closely  to  the  formula  3CSCI,  2RUCI5. 
3H,0. 

19.                    ao.  Theory. 

Ruthenium 19.81  20.97  20.84 

Chlorine  (with  ruthenium)...  22.04  20.37  21.81 

Cesium 41*63  42.74  40.91 

Chlorine  (with  cesium ) 11. 10  11.43  10.90 

Water  (by  loss) 5.37             4.09  5.54 

2 1 .  Black  crystals,  seemingly  uniform  octahedra,  crystallized  on 
cooling  from  a  strongly  acid  solution  of  hydrated  oxide  of  ruthe- 
nium and  cesium  chloride  in  hydrochloric  acid,  o.  1217  gram. 

Corresponds  best  to  3CsCl,2RuCl5.H,0. 

ai.  Theory. 

Ruthenium 20.53  21 .64 

Chlorine  (mth  ruthenium) 22.72  22.65 

Cesium 42.28  42.46 

Chlorine  (with  cesium) 11.27  ii-33 

Water  (by  loss) 1.20  1.91 

22.  Brown  powder,  on  evaporation  of  filtrate  from  12,  0.1774 
gram. 

23.  Dark  chocolate  brown  powder.  Buff  alcoholic  precipitate 
from  warmed  RuO^,  CsCl,  and  dilute  hydrochloric  acid,  dissolved 
in  dilute  hydrochloric  acid  and  evaporated  nearly  to  dryness. 
Deposited  from  hot  solution  during  evaporation,  0.1209  gram. 

22  and  23  correspond  best  to  the  formula  5CsCl,3RuCl3.H,0. 

22.  23.  Theory. 

Ruthenium 20.41  20.02  20.54 

Chlorine  (with  ruthenium) -. .  21.00  21.45  21.50 

Cesium 45.46  45.45  44.79 

Chlorine  (with  cesium) 12.12  12.12  11.94 

Water  (by  loss) i.oi  1.38  1.21 

Lower    Chloride   of   Ruthenium,    RuCl,(?). — The      following 
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analyses  are  given  to  indicate  the  composition  of  the  blue  solution 
formed  on  the  electrolytic  reduction  of  ruthenium  trichloride. 
The  concentrated  solution  was  either  added  to  a  strong  solution 
of  cesium  chloride,  or  vice  versa,  with  or  without  the  addition  of 
alcohol.  The  precipitate  was  immediately  filtered  on  a  Hirsch 
funnel  and  washed  with  dilute  hydrochloric  acid  and  alcohol,  and 
dried  on  a  tile. 

24.  25.  26.  27.  iS. 

Ruthenium 24.16  22.40  17.30  18.56  18.02 

Chlorine  (with  ruthenium) 16.15  16.39  i7-ii  17.46  15.80 

Cesium 43.96  43.89  50.01  49-75  50-5i 

Chlorine  (with  cesium) 11.73  H-T^  13.35  13.27  13.46 

Water  (by  loss) 4.18  4.22  3.37  3.16  4.91 

Ratio  Ru  :C1  (with  Ru) 1:1.9        1:2.1        1:2.84      1:2.7       1:2.5 

Ratio  Cl(  with  Cs)  :  CI  (with  Ru).   1:1.4       1:1.4       1:1.27      1:1.3       1:1.17 
Weight  of  analysis 0.1672     0.2188     0.1289     0.1794    0.2714 

29.  30. 

Ruthenium 23.43  22.23 

Chlorine  ( with  ruthenium ) 2 1 .65  2 1 .54 

Rubidium 34.02  .... 

Chlorine  (with rubidium) 14*13  -••- 

Water  (by  loss) 2.89  2.72 

Ratio  Ru  :  Cl( with  Ru) i  :2.64  1 12.77 

Ratio  CI ( with Rb)  :Cl(withRu).     1:1.53 

Weight  of  analysis o.  1626         0.2168 

Except  in  the  case  of  24  and  25  there  is  evidently  no  approxi- 
mation to  a  definite  compound,  the  substances  being  varying  mix- 
tures of  2CsCl,RuClj.H,0  with  a  reduced  chloride.  24  and  25 
would  indicate  that  the  composition  of  this  chloride  is  3CSCI,, 
2RuClj,.H,0,  or  if  Joly*s  supposition  is  correct,  3CsCl,2Ru 
(OH)Cljj.     The  theoretical  composition  of  the  former  salt  is 

Ruthenium 22.93 

Chlorine  (with  ruthenium ) 16.00 

Cesium 45.00 

Chlorine  (with  cesium) . . . . t 12.00 

Water 4.06 

but  in  spite  of  the  tolerable  agreement  of  Analyses  24  and  25, 
the  formula  cannot  be  considered  as  established,  and  it  is  hoped 
that  by  varying  the  conditions  of  its  preparation,  a  salt  of  assured 
purity  may  be  obtained. 

Washington  and  I^ee  Uni- 
versity, I«EXINGTON,  Va. 
August  20,  190 1. 
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ON  a-OXYBENZYLIDENE  ACETOPHENONE. 

By  F.  J.  Pond,  H.  J.  York,  axd  B.  L.  Moore. 
Received  Aujrust  «.  sooi. 

■ 

IT  has  been  shown  in  a  previous  paper*  that  when  benzylidine 
acetophenone  dibromide.  CisHijO.Br^,  is  treated  with  sodium 
alcoholate,  it  is  readilj'  converted  into  a  compound,  Cj^Hj^O,, 
which  is  identical  in  all  respects  with  the  substance  long  known 
as  dib€7izoyl  methane.  The  latter  compound  was  first  prepared  by 
Baeyer  and  Perkin*  by  boiling  dibenzoyl  acetic  acid  ester  with 
water  during  several  hours  ;  it  was  subsequently  studied  by 
Claisen,'  who  obtained  it  by  the  action  of  metallic  sodium  or  so- 
dium ethylate  upon  a  mixture  of  acetophenone  and  benzoic  acid 
ester.  This  compound  was  represented  as  a  )8-diketone,  having 
the  formula 

C,H,— CO— CH— CO— C.H5. 

Almost  simultaneous  with  the  publication  of  the  above-men- 
tioned paper  in  this  Journal,  J.  Wislicenus*  published  an  article 
**  On  the  Isomeric  Forms  of  Dibenzoyl  Methane.''  According 
to  Wislicenus,  two  molecular  proportions  of  potassium  or  sodium 
hydroxide  dissolved  in  alcohol  react  with  benzylidene  acetophe- 
none dibromide  in  accordance  with  the  equation 

Cj^H.^O.Br,  -f  2KOH  -  2KBr  +  H,0  +  Ci,H,A- 
The  product,  Cj^H^O,,  consists  of  a  mixture  of  two  isomeric  com- 
pounds of  the  same  melting  temperature,  one  of  which  is  identi- 
cal with  Baeyer  and  Perkin's,  and  Claisen's  dibenzoyl  methane  ; 
this  compound  is  unsaturated,  and  Wislicenus  designates  it  as 
a-oxybenzylidene  acetophenone^ 

C«H,— C(OH)--CH— CO— C.Hj. 

The  second  isomeric  compound,  C,5H,20j,  is  saturated,  and 
may  prove  to  be  the  true  dibenzoyl  methane  or,  possibly,  a  sub- 
stance having  a  molecule  constituted  like  ethylene  oxide, 

1  Pond,  Maxwell,  and  Norman  :  This  Journal,  ai,  95s. 

*  Baeyer  and  Perkin  :  Ber.  d.  chem.  Ges.^  16,  2134;  J.  Chem.  Soc.  (London),  47,  250. 
^  L-  Claisen  :  Ber.  d.  chem,  Ges.^  ao,  655  ;  Ann.  Chem.  (Liebig),  291,  52. 

*  J.  Wislicenus:  Ann.  Chem.  (Licbig),  30S,  219. 
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O 

C.Hj— CO— CH,— CO— C.H,.  or  C.H,— CH— CH— CO-C.Hj. 

Dibenzoyl  methane.  Phenylbenzoyl 

ethylene  oxide. 

Since  in  our  previous  experiments  on  the  action  of  sodium 
methylate  upon  benzylidene  acetophenone  dibromide  only  one 
compound  was  obtained,  it  seemed  desirable  to  continue  this  in- 
vestigation and  to  compare  this  compound  with  those  described 
by  Wislicenus. 

The  results  of  this  investigation  indicate  that  sodium  methylate 
reacts  in  a  manner  somewhat  different  from  that  of  alcoholic  pot- 
ash ;  and  that  the  substance  formed  in  this  reaction,  which  was 
called  dibenzoyl  methane  in  the  previous  paper  and  was  proved 
to  be  identical  with  the  compound  described  under  this  name  by 
Claisen,  should  be  termed  a-oxybenzylidene  acetophenone. 

EXPERIMENTAL. 

Benzylidene  Acetophenone,  CeH,— CH  :=  CH— CO— C^H^.— This 
compound  is  most  conveniently  prepared  according  to  the  method 
of  Claisen*  by  the  action  of  a  small  quantity  of  a  20  per  c!ent.  so- 
lution of  sodium  methylate  upon  a  mixture  of  the  molecular  pro- 
portions of  acetophenone  and  benzaldehyde.  Claisen  purified 
this  product  by  repeated  crystallizations  from  petroleum  ether ; 
this  method  is  slow  and  rather  unsatisfactory,  since  the  compound 
is  not  easily  soluble  in  this  solvent,  and  it  requires  a  number  of 
recrystallizations  to  remove  oily  impurities.  It  was  found  that  it 
could  be  purified  readily  and  quickly  by  crystallizing  from  alco- 
hol ;  it  separates  in  large  crystals,  melting  at  57°  to  58°. 

ot-  and  P' Benzylidene  Acetophenone  Dibromides,  C,5Hi,0.Br,.— 
By  the  addition  of  one  molecular  proportion  of  bromine  to  a  solu- 
tion of  benzylidene  acetophenone  in  chloroform,  Claisen*  obtained 
a  dibromide,  melting  at  156°  to  157°,  which  is  diflScultly  soluble 
in  cold  alcohol.  J.  Wislicenus'  also  mentions  that  benzylidene 
acetophenone  is  almost  completely  precipitated  from  its  chloroform 
solution,  on  the  addition  of  one  molecule  of  bromine,  as  a  ver>' 
difiicultly  soluble  dibromide, 

C,H,— CHBr— CHBr— CO— C.Hj ; 

1  Claisen  and  ClaparMe  :  Ber.  d.  chem.  Ges.^  14,  2463. 

2  Claisen :  Ber.  d.  chem.  Gfs.,  14,  2463. 

3  J.  Wislicenus:  Antt.  Chem.  (I^iebig),  3o8,  223. 
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after  one  crystallization  from  boiling  alcohol,  it  is  obtained  in 
snow-white,  pure  crystals,  melting  at  156.5*^  to  157.5**.  Hitherto, 
no  mention  appears  to  have  been  made  of  an  isomeric  dibromide 
and  it  is  quite  probable  that  it  has  been  overlooked,  although  it 
is  formed  in  small  quantity  whenever  benzylidene  acetophenone 
unites  with  bromine. 

If  a  solution  of  25  grams  of  benzylidene  acetophenone  in  1 25 
cc.  of  ether  be  treated  gradually  with  20.8  grams  (2  atoms)  of 
bromine,  and,  after  standing  for  a  few  minutes,  the  almost  color- 
less solution  is  filtered  by  means  of  the  pump  from  the  thick, 
white  precipitate,  a  considerable  quantity  of  the  new  isomeric  di- 
bromide is  obtained  from  the  filtrate.  The  difficultly  soluble 
compound  is  washed  well  with  ether,  crystallized  from  alcohol, 
and  obtained  as  the  pure  white  dibromide,  melting  at  157.5^. 
The  analysis  gave : 

I.  0.1632  gram  gave  0.1660  gram  silver  bromide. 

II.  o.  15 10  gram  gave  o.  1530  gram  silver  bromide. 

Calculated  for  Found. 

CijHisO.Brt.  I.  II. 

Bromine 43.48  43.29  43»12 

It  is  sparingly  soluble  in  alcohol  and  ether,  and  will  be  termed 
a-benzylidene  acetophenone  dibromide  in  order  to  distinguish  it 
from  the  lower  melting,  more  soluble  isomeric  or  /^-dibromide. 

The  ethereal  solution  and  wash-ether  are  treated  with  a  small 
quantity  of  sulphurous  acid  in  order  to  remove  any  slight  excess 
of  bromine,  then  washed  well  with  water,  and  the  ether  allowed 
to  evaporate  ;  the  new  /^-dibromide  is  obtained  from  the  residue. 
The  latter  is  extracted  with  a  limited  quantity  of  boiling  alcohol 
in  order  to  separate  a  very  small  quantity  of  the  comparatively 
insoluble  a-compound,  and,  after  evaporation  of  the  alcohol,  the 
/^-dibromide  is  repeatedly  crystallized  from  boiling  alcohol.  It 
separates  in  aggregates  of  small,  fine  needles,  which  melt  at  108° 
to  109**.  We  usually  obtained  3  to  4  grams  of  the  /^-dibromide 
by  this  method.     It  was  analyzed  with  the  following  results  : 

I.  0.2002  gram  gave  0.3570  gram  carbon  dioxide  and  0.0635  gram  water. 

II.  0.3400  gram  gave  0.3471  gram  silver  bromide. 

III.  0.3436  gram  gave  0.3509  gram  silver  bromide. 

Calculated  for  Found. 

CifiHijO.Brt.  I.  II.  III. 

Carbon 48.91  48.63  « •  •  •  •  •  •  • 

Hydrogen 3.26  3.47  •  •  •  •  •  •  •  • 

Bromine 43.48  ••-•  43-44  43-45 
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It  dissolves  at  30®  in  106  parts  of  ethyl  alcohol,  96.7°  Tr., 
while  the  a-dibromide,  at  the  same  temperature,  requires  610 
parts  of  alcohol.  It  is  also  more  readily  soluble  in  ether  than  the 
a-compound.  On  raising  the  temperature  about  20°  above  its 
melting-point  and  then  allowing  to  solidify,  it  again  melts  at 
IO«.5^ 

The  crystalline  forms  of  the  two  dibromides  are  quite  distinct, 
the  a-  separating  in  short  prisms,  while  the  i9-derivative  crys- 
tallizes in  fine  needles. 

It  has  also  been  observed  that  on  brominating  smaller  quanti- 
ties (about  5  grams)  of  benzylidene  acetophenone  at  a  time,  and 
by  adding  the  bromine  rapidly,  without  cooling,  a  larger  yield  of 
the  /^-compound  results.  Although  we  usually  employed  ether 
as  the  solvent  for  the  benzylidene  acetophenone,  nevertheless  the 
formation  of  the  isomeric  bromide  takes  place  when  chloroform, 
carbon  tetrachloride,  or  carbon  disulphide  is  used.  In  all  cases, 
however,  the  sparingly  soluble  or-dibromide  (m.  p.  157.5**)  con- 
stitutes the  chief  product. 

When  the  a-dibromide  is  heated  under  pressure  with  ethyl  or 
methyl  alcohol,  hydrobromic  acid  is  eliminated,  but  as  yet  no 
definite  crystalline  derivatives  have  been  obtained  which  corre- 
spond with  those  so  readily  formed  by  merely  boiling  anisylidene 
acetophenone  dibromide  with  ethyl  or  methyl  alcohol.'  On  heat- 
ing 20  grams  of  the  a-dibromide  with  100  cc.  of  methyl  alcohol 
for  three  hours  at  120^,  a  substance  resulted  which  melted  at  117° 
to  119^  ;  this  product  has  not,  however,  proved  to  be  a  definite 
chemical  compound,  and  will  be  further  studied.  The  change 
appears  to  take  place  between  110°  and  125°;  on  heating  the 
a-dibromide  with  methyl  alcohol  at  a  temperature  below  no*, 
the  unchanged  compound  is  recovered;  above  125®  the  substance 
suffers  decomposition. 

The  Action  of  Two  Moleades  of  Sodium  MethylaU  upon  the 
a- Dibromide, — To  a  solution  of  sodium  methylate  (8  grams  of 
sodium  in  200  cc.  of  methyl  alcohol),  50  grams  of  a-benzylidene 
acetophenone  dibromide  were  added,  and  boiled  for  thirty  min- 
utes in  a  reflux  apparatus.  Three  hundred  and  fifty  cc.  of  water 
were  then  introduced  and  the  liquid  rendered  neutral  or  very 
slightly  acid  with  dilute  acetic  acid.  The  oil  which  separated 
was  extracted  with  ether,  washed  well  with  water,  and  dried  over 

1  Pond  and  Shoffstall :  This  Journal,  aa,  668  and  670. 
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anhydrous  sodium  sulphate.  After  evap(»ration  of  the  ether, 
some  of  the  oil  was  distilled  under  diminished  pressure  ;  it  boiled 
at  206®  to  210®  under  12  mm.  pressure,  yielding  a  mobile,  yellow 
oil,  which  had  a  slight  odor  of  decomposition  ;  it  did  not  become 
solid  after  standing  in  a  closed  vessel  for  several  months.  Anal- 
ysis of  this  distillate  gave  the  following  results  : 

I.  0.2245  gram  gave  0.6360  gram  carbon  dioxide  and  0.1345  grani  water. 
II.  0.1978  gram  gave  0.5609  gram  carbon  dioxide  and  0.1226  gram  water. 

Analysis  of  oil  prepared  as  above  described,  but  which  was  not 
<iistilled,  gave  : 

III.  0.176 1  gram  gave  0.5059  gram  carbon  dioxide  and  0.0975  gram  water. 

IV.  0.T448  gram  gave  0.4173  gram  carbon  dioxide  and  0.0792  gram  water. 

Calculated  for  Pound. 

CieHnO,.  I.  II.  III.  IV. 

Carbon 80.64         77.33         77.34         78.36         78.63 

Hydrogen  ....       5.88  6.66  6.93  6.15  6.07 

It  was  thought  that  the  action  of  the  sodium  methylate  con- 
sisted in  removing  one  molecule  of  hydrogen  bromide  from  the 
^-dibromide  and  replacing  the  remaining  bromine  atom  with  the 
methoxyl  group,  thus  giving  rise  to  the  unsaturated  methyl  ether 
^/  a-oxybenzylidene  acetophenone, 

C,H,— C(OCH,) =CH— CO— C,H,. 

It  has  been  impossible,  however,  to  obtain  analyses  of  this  oil 
ivhich  would  agree  more  closely  with  the  calculated  values  for 
the  methyl  ether,  although  many  analyses  have  been  made  on 
various  samples  of  the  oil  purified  by  different  methods.  It  is 
■clear,  therefore,  that  the  oil  is  not  a  pure  ether,  but  in  the  light 
of  subsequent  experiments  it  seems  rather  probable  that  the  oil 
•consists  of  a  mixture  of  the  ether  with  some  compound,  possibly 
derived  from  it.  The  oil  reacts  as  an  unsaturated  compound  ; 
its  alcoholic  solution  at  once  decolorizes  a  permanganate  solution; 
when  dissolved  in  ether  it  absorbs  bromine,  but  on  evaporation  of 
the  solution  hydrobromic  acid  is  eliminated  and  a  non-character- 
istic oil  is  obtained. 

If  the  oil  is  the  methyl  ether  suspected,  or  consists  to  some 
extent  of  this  compound,  it  would  be  expected  that  dilute  adds 
would  convert  it  by  hydrolysis  into  flr-oxybenzylidene  acetophe- 
none.  The  following  experiment  indicates  that  this  reaction 
actually  does  take  place. 

Some  of  the  oil  was  placed  into  a  flask  and  treated  with  fairly 
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concentrated  hydrochloric  add  ;  in  a  very  short  time  (one  or  two 
minutes)  the  entire  quantity  of  oil  was  converted  into  the  solid 
flf-oxy-compound  (m.  p.  77®  to  78®).  This  was  repeated  with 
different  mineral  acids  of  varying  strength,  also  with  acetic  add, 
and  it  was  found  that  the  oil  was  in  each  case  converted  into  the 
solid  compound,  although  with  very  dilute  adds  the  action  re- 
quires a  longer  time  for  its  completion.  On  standing  in  an  open 
dish  in  the  laboratory  the  change  is  more  gradual,  but  in  a 
month's  time  the  oil  is  almost  completely  converted  into  the 
solid  of-oxy-compound.  If  this  oil  be  placed  in  a  closed  vessel, 
it  may  be  kept  unchanged  for  a  long  time.  We  have  retained  a 
specimen  in  a  desiccator,  over  fused  caldum  chloride,  for  nine 
months  without  the  least  trace  of  a  solid  being  formed ;  when, 
however,  a  drop  of  it  was  brought  in  contact  with  dilute  acid, 
it  was  almost  immediately  changed  into  the  solid  compound. 

When  €r-benzylidene  acetophenone  dibromide  was  treated  with 
2  molecules  of  sodium  ethylate  in  the  same  manner  as  with  the 
methylate,  a  reddish  colored  oil  resulted  ;  this  oil  was  analyzed 
with  results  similar  to  those  above  mentioned.  It  has  properties 
similar  to  those  of  the  oil  resulting  by  the  methylate  treatment, 
decomposes  on  distillation  at  atmospheric  pressure,  distils  with 
slight  decomposition  under  reduced  pressure,  and  is  converted 
into  a-oxybenzylidene  acetophenone  by  contact  with  adds.  It 
may  contain  the  unsaturated  ethyl  ether  of  a-oxybenzylidetie  aceto- 
phenone, as  indicated  by  the  following  experiment. 

Bight  grams  of  the  red  oil,  previously  well  washed  with  water, 
dried  over  calcium  chloride,  and  maintained  for  some  time  at  1 10^, 
were  treated  with  32  cc.  of  hydrochloric  acid  ( i  :  i )  ;  in  a  short 
time  the  oil  was  converted  into  a  solid,  with  a  slight  evolution  of 
heat.  The  solid  was  filtered  off,  crystallized  from  alcohol  and 
recognized  as  ar-oxybenzylidene  acetophenone,  melting  at  77® ; 
the  presence  of  ethyl  alcohol  in  the  filtrate  was  readily  and  dis- 
tinctly determined  by  means  of  the  iodoform  reaction.  This 
change  is  doubtless  to  be  represented  by  the  formula 

C.H3— C(OC,H,)==CH— CO— C^Hj  +  H— O— H  = 

CjHjOH  +  C^Hj— C(OH)=CH— CO-C.Hj, 

1  hat  is,  the  oil  undoubtedly  contains  the  ethyl  ether  which  is 
hydrolyzed  by  dilute  acids,  yielding  ethyl  alcohol  and  the  or-oxy- 
compound. 
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a-Oxybenzylidene  Aceiophenone,  C.H^— C(OH)  :=CH— CO— 
CjHj. — This  compound  is  readily  obtained  in  good  yield  by  treating 
the  oil  which  results  from  the  action  of  2  molecules  of  sodium 
alcoholate  upon  a-benzylidene  acetophenone  dibromide  with  fairly 
concentrated  hydrochloric  acid.  It  is  also  easily  formed  by  boil- 
ing the  oil  with  acetic  acid  and  then  precipitating  with  ice-water. 
The  crude  product  melts  at  76®  to  77**,  and  frequently  has  aslight 
yellow  to  reddish  tinge.  It  is  best  purified  by  conversion  into 
its  copper  salt  and  decomposition  of  the  latter  by  dilute  hydrochlo- 
ric acid.  It  crystallizes  well  from  methyl  or  ethyl  alcohol;  when 
the  alcoholic  solution  is  fairly  concentrated,  the  crystals  are  ob- 
tained in  the  form  of  long  needles,  but  from  dilute  solutions  it 
separates  in  large  plates  or  tablets  ;  the  latter  form  of  crystals  are 
also  obtained  from  ether.  Both  modifications  melt  sharply  at 
77*^  to  78°,  thus  confirming  J.  Wislicenus'*  observations  regarding 
the  melting-point  of  the  so-called  dibenzoyl  methane.  Analysis 
gave  the  results  : 

I.  0.2895  gtatn  gave  0.8530  gram  carbon  dioxide  and  0.1380  gram  water. 
II.  0.2997  gram  gave  0.8880  gram  carbon  dioxide  and  0.1500  gram  water. 

Calculated  for  Pound. 

C15H12O0. 

Carbon 80.36 

Hydrogen 5.35 

It  may  be  noted  here  that  this  compound  agrees  completely  in 
properties  with  the  substance  described  by  J.  Wislicenus  as  or-oxy- 
benzylidene  acetophenone  (formerly  called  dibenzoyl  methane), 
but  in  no  case  have  we  obtained  a  trace  of  the  isomeric  compound 
observed  by  Wislicenus.  It  reacts  readily  with  an  alcoholic  solu- 
tion of  copper  acetate,  forming  the  copper  salt^  CjoH^O^Cu  ;  this 
is  insoluble  in  alcohol  and  ether,  and  only  sparingly  soluble  in 
chloroform  and  benzene.  It  melts  at  294®  to  301°  with  decompo- 
sition. 

The  iro7i  salt  is  precipitated  on  the  addition  of  molecular  quan- 
tities of  ferric  chloride  and  sodium  acetate  to  an  alcoholic  solu- 
tion of  the  ar-oxy-compound  ;  it  is  obtained  in  the  form  of  a 
brick-red  powder. 

When  a  solution  of  flr-oxybenzylidene  acetophenone  is  boiled 
with  2  molecular  proportions  of  hydroxylamine  hydrochloride, 

»  J.  wislicenus :  Ann.  Chem.  (I«iebig),  308,  228. 
*  J.  Wislicenus  :  Ibid.,  308,  231. 
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II. 

80.35 

80.80 

5.29 

556 
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flf^'-diphenyl  isoxazole/  CjjHuNO,  is  formed  ;  it  separates  from 
alcohol  in  brilliant,  white  leaflets,  and  melts  at  141°  to  142*'. 
The  same  compound  results  on  treating  the  alcoholic  solution  of 
ff-benzylidene  acetophenone  dibromtde  with  aqueous  solutions  of 
hydroxylamine  hydrochloride  and  potassium  hydroxide  ;  it  crys- 
tallizes from  alcohol  and  melts  at  141.5^. 

On  the  addition  of  one  molecule  of  bromine  to  a  solution  of  the 
flr-oxy-compound  in  chloroform,  hydrogen  bromide  is  given  off 
and  w<7«<7-bromdibenzoyl  methane,*  CjjH^BrO,,  is  produced.  It 
separates  from  alcohol  in  fine,  white  crystals,  melting  at  91.5®  to 

92.5^ 

On  boiling  /^-benzylidene  acetophenone  dibromide  with  sodium 
alcoholate  it  was  thought  that  a  compound  isomeric  with  a-oxy- 
benzylidene  acetophenone,  and  possibly  identical  with  Wislicenus' 
second  compound,  might  result ;  this  does  not,  however,  appear 
to  be  the  case.  Ten  grams  of  the  y^-dibromide  were  treated  as 
usual  with  2  molecules  of  sodium  methylate  ;  after  adding  water 
and  carefully  neutralizing  with  dilute  acetic  acid,  the  resultant 
oil  was  extracted  with  ether,  dried  with  anhydrous  sodium  sul- 
phate, and  the  ether  evaporated.  The  oil  was  then  boiled  for  a 
short  time  with  acetic  acid  and  poured  into  ice- water;  it  solidified 
rapidly  and  crystallized  from  alcohol  in  long  needles,  melting  at 
77°  to  78°;  it  separated  from  ether  in  plates  of  the  same  melting- 
point.  In  alcoholic  solution  it  gave  an  immediate  deep  purple 
coloration  with  ferric  chloride,  and  was  quantitatively  converted 
into  the  green  copper  salt  by  the  addition  of  an  alcoholic  solution 
of  copper  acetate.  It  is  therefore  identical  with  the  above  de- 
scribed ar-oxybenzylidene  acetophenone. 

In  the  future  we  propose  to  investigate  more  thoroughly  the 
new  /^-dibromide,  and  to  ascertain  whether  it  is  possible  to  con* 
vert  this  compound  into  an  isomeric  modification  of  benzylidene 
acetophenone. 

1  J.  Wislicenus:  Ann,  Chem.  (I«iebig),  jo8,  248;  see  also  Goldschmidt :  Bfr.d.ckm. 
Ges.,  a8,  2540. 

*  NeufviUe  and  Pechmann  :  Ber.  d.  ehem.  Cfs.,  J3,  3377  ;  J.  Wislicenus  :  Ann.  Chem. 
'I,iebig\  308,  247. 
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AT  the  end  of  an  article  on  *  *The  Reaction  between  Chlorine  and 
Ammonia,"  published  by  W.  A.  Noyesand  A.  C.  I^yonsin 
a  recent  number  of  this  Journal/  the  interesting  suggestion  is 
made,  that  the  chlorine  may  dissociate,  before  action,  into  posi- 
tive as  well  as  negative  ions  ;  the  suggestion  is  accompanied  by 
an  invitation  for  discussion  and  further  consideration. 

The  writer  is  induced  to  open  the  discussion  because  for  a  num- 
ber of  years  the  hypothesis  of  the  existence  of  positive  as  well  as 
negative  ions  of  the  three  halogens,  chlorine,  bromine,  and  iodine, 
and  notably  of  the  formation  of  positive  halogen  ions  by  hypo- 
chlorous,  hypobromous,  and  h3rpoiodous  acids,  with  its  conse- 
quences, has  been  publicly  presented  before  the  student  and  the 
professional  body  at  the  University  of  Chicago.  The  theory  was 
supported,  among  other  things,  by  the  behavior  of  the  above  hy- 
po-acids towards  acids*and  by  the  strongly  marked  basic  proper- 
ties of  the  iodoso^  and  iodonium  bases.' 

As  far  as  the  former  is  concerned,  the  reaction 

HOCl  +  HCl  —  CI,  +  H,0 
was  considered  as  a  purely  ionic  reaction, 

HO  +  CU+  HOCl  +  H  +  CI --  CI,  +  H,0,  etc.; 

hy pochlorous  acid  ionizes  very  little  but,  like  so  many  nearly  neu- 
tral hydroxides,  it  ionizes  both  as  a  weak  acid, 

HOCl :::  H  4-  CIO, 

and  at  the  same  time  as  a  still  weaker  base, 

-  + 

HOCl :;::  HO  +  ci, 


much  like  aluminum  hydroxide,  the  relative  size  of  whose 
ionization  constants  is  reversed.  In  the  same  way  the  action  of 
chlorine  on  alkalies  in  aqueous  solution  was  considered  as  a  purely 
ionic  reaction  : 

CI  +  CI  +  Cl,  +  K  -h  OH  --  K  +  CI  +  HOCl,  etc. 

1  This  Journal,  33,  463. 

*  Willgerodt  :  Ber.  d.  chem.  Gei.y  ag,  3494.  etc.;  V.  Meyer :  Ihid.^  25,  2632,  etc. 

*  Hartmann  and  V.  Meyer :  Ibid.,  37,  426,  etc. 
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The  chief  object  of  these  lines  is,  however,  to  point  out  that 
the  existence  of  positive  chlorine  tons,  in  aqueous  solutions  both  of 
chlorine  and  of  hypochlorous  acid,  can  no  longer  be  considered  as 
a  mere  hypothesis,  but  must  be  accepted  as  proved  experimen- 
tally by  the  splendid,  quantitative  experiments  of  Jakowkin*  on 
the  action  of  water  on  chlorine,  although  this  consequence  of  his 
work  has  not  heretofore  been  recognized. 

Jakowkin's  experiments  prove  conclusively  that  the  reaction 

Hoci  +  Hci :::  H,0  +  CI,  ^ 

is  reversible  ;  and  also  that  it  is  an  ionic  reaction.  A  condition 
of  equilibrium  is  produced  according  to 

4-  — 

HOCI  +  H  +  CI :;:;  H,o  +  ci,/ 

and  is  dependent  consequently  on  the  concentrations  of  the  hydro- 
gen and  chlorine  ions  as  well  as  of  the  hypochlorous  add  and 
chlorine.  It  is  obvious,  however,  that  if  the  reaction  as  far  as 
the  hydrochloric  acid  is  concerned  is  an  ionic  one  (which  is  rig- 
idly proved)  and  also  as  far  as  the  water  is  concerned  (which  is 
universally  recognized),  it  must  of  necessity  be  an  ionic  reaction 
also  for  the  hypochlorous  acid  ( which  must  therefore  dissociate, 
at  least  to  a  very  slight  extent,  into  hydroxyl  saidposilive  chlorine 
ions) ,  and  also  be  an  ionic  reaction  for  chlorine^  which  must  disso- 
ciate partially  into  positive  and  negative  ions.  The  very  cause  of  hy- 
drolysis as  in  all  such  cases  and  of  the  reversibility  lies,  not  more 
in  the  minimal,  but  actual,  ionization  of  water,  than  in  the  for- 
mation of  these  ions  of  hypochlorous  acid  and  of  chlorine,  if  the 
theory  of  ionization  means  anything  at  all. 

It  is  curious  that  neither  Jakowkin,  nor  any  of  the  chemists 
who  have  commented  on  his  w^ork,  seem  to  have  drawn  this  ob- 
vious conclusion  from  it, — in  the  author's  opinion  the  most  impor- 
tant truth  growing  out  of  his  fine  experiments.  Jakowkin  as- 
sumes in  his  calculations  that  the  hypochlorous  acid  is  not  disso- 
ciated into  ions.  Its  dissociation  constant  undoubtedly  is  so 
small  that,  as  in  the  case  of  water,  it  may  well  be  neglected  in 
these  calculations  ;  but,  as  in  the  well  established  ionization  of 
water,  no  matter  how  small  the  ionization  constant  for  hypocblo- 

*  Ztschr.phys.  Chem.,  39,  613. 

>  Substances  occurring  in  minimal  quantities,  e.  g  ,  the  ions  of  water,  chlorine  and  hy- 
pochlorous acid,  are,  for  the  sake  of  simplicity,  not  represented  in  the  equation. 
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rous  acid  (for  HO  +  CI)  may  be,  it  involves  ihejhcf  of  the  exis- 
tence oi  positive  chlorine  ions. 

It  must  be  added  that  these  views  would  have  been  published 
long  ere  this,  if  it  had  not  been  the  hope  of  the  author  to  report 
at  the  same  time  on  other  direct  experimental  confirmations  of 
them.  Circumstances  have  made  it  impossible  to  undertake  be- 
fore this  the  delicate  work  involved  ;  but  in  the  ensuing  year 
it  is  intended  at  least  to  study  the  behavior,  of  solutions  of  chlo- 
rine, hypochlorous  acid,  iodine  chloride,  etc. ,  towards  the  elec- 
tric current,  in  the  hope  of  proving  that,  under  suitable  conditions, 
the  migration  of  positive  halogen  ions  to  the  negative  pole  will 
take  place.  Such  a  migration  would  decide  the  question,  it 
seems  to  me,  in  the  most  direct  and  unquestionable  fashion.  I 
regret  that  the  interesting  paper  of  Professor  Noyes  and  Mr. 
Lyons  has  made  it  necessary  to  publish  these  lines  rather  pre- 
maturely ;  but  their  in\ntation  for  discussion  encourages  me  to  do 
so  before  the  completion  of  my  own  experiments. 

Univbrsity  op  Chicago, 
August  3,  1901. 


THE  PHOTOHETRIC  DETERHINATION  OF  SULPHATES. 

By  D.  D.  Jackson. 
Received  September  3.  rgoi. 

THE  time  element  enters  largely  into  most  transactions  in  the 
industrial  world  and  chemistry  as  a  pure  science  is  not 
always  to  be  considered.  Exact  methods,  if  time-consuming, 
must  give  place,  in  many  cases,  to  rapid  tests  that  give  practical 
knowledge  in  the  shortest  possible  limit  of  time. 

If  a  trainload  of  coal  is  detained  for  inspection  it  is  not  feasible 
to  wait  a  day  or  two  for  an  ultimate  analysis  by  organic  combus- 
tion. The  heating  power  is  obtained  in  an  hour  and  a  half  t>y 
calorimetry.  By  this  same  process,  using  the  Mahler  bomb,  the 
determination  of  volatile  sulphur,  which  would  take  two  hours 
by  ordinary  chemical  methods,  may  be  accomplished  by  photom- 
etry in  five  minutes, — not  with  great  accuracy,  but  with  suffi- 
cient accuracy  for  practical  purposes. 

The  physician  in  analyzing  urine  does  not  desire  to  know  the 
exact  percentage  of  sulphates  present,  but  merely  to  what  extent 
the  amount  present  is  below  or  above  the  normal.  Photometry 
tells  him  this  in  a  few  minutes. 
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The  determination  of  sulphates  as  an  adulterant  in  cement 
where  large  constructional  works  are  being  carried  out  may  neces- 
sitate the  analysis  of  some  twenty-five  samples  of  cement  daily. 
This  is  impractical,  if  not  impossible,  by  ordinary  methods;  but 
by  photometry  it  may  be  easily  accomplished.  A  limiting  fignre 
is  placed  upon  the  amount  of  sulphates  present  in  the  cement  by 
the  specifications  of  the  contract  and,  unless  the  figure  found  is 
very  close  to  that  of  the  specifications,  the  photometric  process  is 
quite  accurate  enough.  Nearly  all  of  the  determinations  may  be 
disposed  of  in  this  manner,  while  the  questionable  ones  may  be 
determined,  if  necessary,  by  more  accurate  gravimetric  methods. 
In  this  way  a  needless  expense  of  time  and  energy  is  avoided. 
Many  other  instances  might  be  cited  where  the  photometric  deter- 
mination of  sulphates  would  be  highly  practical. 

Professor  Hinds*  was  the  first  to  suggest  the  photometric  anal- 
ysis of  precipitates,  and  a  year  ago*  he  published  tables  to  facil- 
itate this  process.  Since  that  time  the  author  has  had  occasion 
to  use  this  method  quite  extensively  in  the  determination  of  sul- 
phur and  sulphuric  acid,  and  has  made  at  the  same  time  a  large 
number  of  gravimetric  determinations  to  check  the  results.  Ex- 
periments have  also  been  made  with  known  solutions  of  sulphates 
and  with  sulphuric  acid.  It  has  been  found  in  this  manner  that 
'  certain  modifications  of  Professor  Hinds'  method  greatly  increase 
the  ease  and  accuracy  with  which  these  determinations  may  be 
made. 

It  was  noted  that  diflFerences  in  the  brightness  of  the  candle 
employed  and  differences  in  the  distance  of  the  candle  from  the 
bottom  of  the  tube,  as  well  as  of  the  eye  of  the  observer  from  the 
top  of  the  tube,  made  appreciable  differences  in  the  results.  Ac- 
cordingly, a  series  of  experiments  was  made  to  determine  the 
process  whereby  the  most  accurate  figures  might  be  obtained. 
The  readings  in  many  cases  were  made  by  four  different  observers, 
so  that  the  personal  element  would  be  eliminated.  Experiments 
were  also  made  with  the  diaphenometer  of  Hornung,'  modified  by 
Parmelee  and  Ellms  ;*  but,  while  this  works  very  well  in  the 
determination  of  the  turbidity  in  water,  it  was  not  found  to  be  as 
convenient  or  as  accurate  for  the  determination  of  sulphates  as  the 

1  This  Journal,  i8,  66i. 

-  Ibid.^  aa,  269. 

<*  £"11^.  News^  April  2,  1896. 

*  Tech.  Quart ,  la,  No.  2,  June,  1899. 


PHOTOMETRIC   DETERMINATION  OF  SULPHATES.  8oi 

photometer  of  Hinds.     The  details  of  the  method  finally  decided 
upon  are  as  follows  : 

A  very  simple  piece  of  apparatus  is  employed.  It  consists  of  a 
ICO  cc.  Nessler  jar,  2.5  cm.  in  diameter,  and  17  cm.  to  the  100  cc. 
mark.  The  dimensions  need  not  be  exact,  but  this  is  the  size 
which  is  found  to  be  most  convenient.  This  jar  is  graduated 
from  the  bottom  up  in  centimeters  and  millimeters  to  avoid  con- 
stantly measuring  the  depth  with  a  rule. 

A  standard  candle  is  used,  having  just  one  candle  power. 
Above  this  is  suspended  an  iron  ring  with  an  indicator  so  that 
the  top  of  the  ring  is  always  just  three  inches  above  the  top  of 
the  candle  itself.  This  brings  the  top  of  the  flame  in  close  prox- 
imity to  the  bottom  of  the  tube,  but  just  far  away  enough  to  pre- 
vent smoking  or  excessive  heating. 

The  observations  are  made  in  a  dark  room  and  the  candle  is 
placed  over  a  dark  surface.  The  tube  which  is  to  contain  the 
solution  is  enveloped  in  a  brass  holder  which  comes  up  almost  to 
the  100  cc.  mark  and  has  a  broad  disk  at  the  bottom  which  shields 
the  eye  from  the  strong  light  below.  The  bottom  of  this  cylin- 
drical shaped  tube  is  entirely  open  except  for  a  very  narrow  rim 
which  serves  to  keep  the  glass  tube  in  place.  The  inside  of  the 
holder  is  painted  a  dull  black  to  prevent  reflection. 

The  solution  to  be  determined  for  sulphates  is  washed  into  the 
100  cc.  Nessler  jar  and  made  slightly  acid  with  hydrochloric  acid. 
Distilled  water  at  room  temperature  is  then  added  nearly  to  the 
100  cc.  mark.  About  2  grams  of  pure  solid  barium  chloride  are 
added,  and  the  solution  made  up  exactly  to  the  100  cc.  mark.  A 
pure  rubber  stopper  is  placed  in  the  top  of  the  tube  and  the  whole 
shaken  thoroughly  until  the  barium  chloride  is  dissolved. 

In  a  few  minutes  the  solution  is  ready  to  be  examined.  The 
tube  is  placed  in  the  brass  holder  and  its  contents  are  poured 
back  and  forth  from  the  glass  tube  into  a  lipped  beaker,  keeping 
the  precipitate  constantly  shaken  up,  so  that  throughout  the 
liquid  the  turbidity  is  uniform. 

When  the  holder  containing  the  tube  is  placed  on  an  iron  ring 
suspended  three  inches  above  the  top  of  the  candle  and  the  eye  is 
held  quite  near  the  top  of  the  glass  tube,  a  point  is  finally  reached 
where  the  flame  of  the  candle  just  disappears.  The  height  to 
which  the  solution  stands  in  the  tube  (reading  the  bottom  of  the 
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meniscus)  is  then  taken  and  from  this  reading  the  per  cent,  of 
sulphates  may  be  calculated  from  the  formula 

^_  0.0574 
^  +  0.1 

where  x  equals  grams  of  sulphur  trioxide  required,  and  y  equals 
the  depth  in  centimeters  of  the  liquid  in  the  cylinder. 

This  calculation  is  avoided  and  thereby  con.siderable  time  saved 
by  the  use  of  the  following  table  : 


Table  for  the  Photometric  Determination  of  Sulphuric  Acid. 

SO3. 

so«. 

SO,. 

SOs. 

cm. 

Gram. 

cm. 

Gram. 

cm. 

Gram. 

cm. 

Gnm. 

I.o 

0.0522 

4.0 

0.0140 

7.0 

0.0081 

10.0 

O.00S7 

I.I 

0.0478 

4.1 

0.0137 

7.1 

0.0080 

10.2 

0.0056 

1.2 

0.0442 

4.2 

0.0133 

7.2 

0.0079 

10.4 

0.0055 

1-3 

0.0410 

4.3 

0.013 1 

7-3 

0.0078 

10.6 

0.0OS4 

1.4 

0.0383 

4.4 

0.0128 

7.4 

0.0077 

10.8 

0.0053 

1.5 

0.0359 

4.5 

0.0125 

7.5 

0.0076 

II.O 

0.0052 

1.6 

0.0338 

4.6 

0.0122 

7.6 

0.0075 

II. 2 

0.0051 

1.7 

0.0319 

4.7 

0.0I19 

7.7 

0.0074 

11.4 

0.0050 

1.8 

0.0302 

4.8 

0.0117 

7.8 

0.0073 

11.6 

0.0049 

1.9 

0.0287 

4.9 

0.0115 

7.9 

0.0072 

1 1.8 

0.0048 

2.0 

0.0273 

5.0 

0.0113 

8.0 

0.0071 

12.0 

0.0047 

2.1 

0.0261 

5.1 

o.oi  10 

8.1 

0.0070 

12.2 

0.0047 

2.2 

0.0250 

5.2 

0.0108 

8.2 

0.0069 

12.4 

0.0046 

2.3 

0.0239 

5.3 

0.0196 

8.3 

0.0068 

12.6 

0.0045 

2.4 

0.0230 

5.4 

0.0104 

8.4 

0.0068 

12.8 

0.0044 

2.5 

0.0221 

5-5 

o.oid^ 

8.5 

0.0067 

13-0 

0.0044 

2.6 

0.0213 

5.6 

O.OIOI 

8.6 

0.0066 

13-5 

0.0042 

2.7 

0.0205 

5-7 

0.0099 

8.7 

0.0065 

14.0 

0.0041 

2.8 

0.0198 

5.8 

0.0097 

8.8 

0.0064 

14.5 

0.0039 

2.9 

0.019I 

5.9 

0.0096 

8.9 

0.0064 

15.0 

0.0038 

3.0 

0.0185 

6.0 

0.0094 

9.0 

0.0063 

15-5 

0.0037 

31 

0.0179 

6.1 

0.0093 

9.1 

0.0062 

16.0 

0.0036 

3.2 

0.0173 

6.2 

0.0091 

9.2 

0.0062 

16.5 

0.0035 

3.3 

0.0168 

6.3 

0.0090 

9.3 

0.0061 

17.0 

0.0034 

3.4 

0.0164 

6.4 

0.0088 

9-4 

0.0060 

17.5 

0.0033 

3-5 

0.0159 

6.5 

0.0087 

9-5 

0.0060 

18.0 

0.0032 

3.6 

0.0155 

6.6 

0.0086 

9.6 

0.0059 

18.5 

0.0031 

3-7 

0.0151 

6.7 

0.0084 

9-7 

0.0059 

19.0 

0.0030 

3.8 

0.0147 

6.8 

0.0083 

9.8 

0.0058 

19.5 

0.0029 

3-9 

0.0144 

6.9 

0.0082 

9.9 

0.0057 

20.0 

0.0029 

SULPHATE  IN  CEMENT. 

Treat   i   gram  of  cement  with  strong  hydrochloric  acid,  add 
water  and  evaporate  to  diyness.     Add  a  small  amount  of  concen- 
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trated  hydrochloric  acid,  then  add  an  equal  amount  of  boiling 
water  and  filter  into  a  100  cc.  graduated  tube,  make  up  to  the 
mark  with  cold  water,  and  proceed  with  the  photometric  method 
as  directed. 

If  exactly  i  gram  is  taken,  and  the  reading  on  the  tube  is  4.3 
cm.,  then  from  the  table,  i  gram  contains  0.013 1  gram  of  sul- 
phur trioxide,  or  1.3  per  cent,  sulphur  trioxide. 

Specifications  usually  state  that  not  over  1.5  per  cent,  sulphur 
trioxide  can  be  accepted.  2  per  cent,  is  sometimes  used  as  a 
limiting  figure. 

SULPHATE  IN  URINE. 

Filter  the  urine,  if  turbid,  and  take  10  cc.,  make  it  slightly  acid 
with  hydrochloric  acid  and  add  water  nearly  to  the  100  cc.  mark. 
Add  about  2  grams  pf  solid  barium  chloride,  make  up  to  the  100 
cc.  mark,  and  proceed  as  directed  in  the  method. 

If  10  cc.  are  taken  and  the  reading  on  the  tube  is  4.6,  then  from 
the  table,  10  cc.  equals  0.0122  gram  sulphur  trioxide,  or  0.12  per 
cent. 

Normal  urine  varies  from  o.  10  to  o.  15  per  cent,  sulphur  trioxide. 

SULPHATE  IN  WATER. 

100  CC.  may  be  taken  for  well  waters,  but  some  well  waters 
and  many  surface  waters  will  need  to  be  concentrated  in  order  to 
get  accurate  results. 

A  quick  determination  in  waters  low  in  sulphates  may  be 
roughly  made  by  taking  100  cc.  of  water,  acidifying  slightly  with 
hydrochloric  acid  and  adding  solid  barium  chloride.  After  shaking 
well,  the  turbidity  is  compared  with  silica  standards  sidewise 
toward  the  light.  These  silica  standards  have  been  used  in  the 
determination  of  the  turbidity  of  drinking  water.* 

A  standard  of  ten  in  silica  is  equivalent  to  a  turbidity  produced 
by  1.45  parts  per  million  of  sulphur  trioxide.  The  photometric 
method,  while  not  as  rapid  as  this  for  solutions  requiring  concen- 
tration, is,  however,  much  more  accurate.  The  reason  for  this 
will  be  shown  by  a  study  of  the  diagram  given  later,  in  which  it 
is  seen  that  the  results  do  not  follow  the  reciprocal  curve. 

SULPHATE  IN  COAL. 

After  fusion  by  the  ordinary  method,  the  sulphate  in  coal  may 

^  Wliipple,  G.  C,  and  Jackson,  D.D. :  Ttch,  Quarts  la.  No.  4,  Dec.  1899:  13,  No.  3, 
Sept..  1900. 
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be  determined  photometrically  ;  but  when  the  Mahler  bomb  is 
used,  the  volatile  sulphur  is  all  in  solution  in  the  water  at  the 
bottom  of  the  bomb.  This  water  is  filtered  and  titrated  with 
o.  I  normal  sodium  carbonate,  using  methyl  orange  as  an  indicator 
to  get  the  nitric  acid  present.  It  is  then  ready  for  the  deter- 
mination of  sulphur  by  photometry.  The  pink  color  of  the  solu- 
tion does  not  interfere  with  the  results. 

The  following  is  a  special  table  calculated  for  the  determination 
of  sulphur  : 

Tablb  for  thb  Photometric  Dbtbrmination  op  Sui,phur. 


cm. 

Sulphur. 
Grmm. 

cm. 

Sulphur. 
Gram. 

cm. 

Sulphur. 
Grmm. 

cm. 

Sulplnir. 
GruL 

I.o 

ox>ao9 

4.0 

0.0056 

7.0 

0.0032 

lO.O 

0.0023 

I.I 

0.0I9I 

41 

0.0055 

7.1 

0.0032 

10.2 

0.0032 

1.2 

0.0177 

4.2 

0.0053 

7.2 

0.0032 

10.4 

0.0022 

1.3 

0.0164 

4.3 

0.0052 

7.3 

0.0031 

10.6 

O.0Q22 

1.4 

0.0153 

4.4 

0.0051 

7.4 

0.0031 

10.8 

0.0021 

1.5 

0.0144 

4.5 

0.0050 

7.5 

0.0030 

II.O 

0.0021 

1.6 

0.0135 

4.6 

0.0049 

7.6 

0.0030 

11.2 

0.0020 

1.7 

0.0128 

4.7 

0.0048 

7.7 

0.0030 

11.4 

0.0020 

1.8 

O.OI2I 

4.8 

0.0047 

7.8 

0.0029 

11.6 

0.0020 

1-9 

o.oi  15 

4.9 

0.0046 

7.9 

0.0029 

if.8 

0.0019 

2.0 

0.0109 

5.0 

0.0045 

8.0 

0.0028 

12.0 

aooi9 

2.1 

0.0104 

5.1 

0.0044 

8.1 

0.0028 

12.2 

0.0019 

2.2 

o.oioo 

5.2 

0.0043 

8.2 

0.0028 

12.4 

0.0018 

2.3 

0.0096 

5.3 

0.0042 

8.3 

0.0027 

12.6 

0.0018 

2.4 

0.0092 

5.4 

0.0042 

8.4 

0.0027 

12.8 

0.0018 

2.5 

00088 

5.5 

0.0041 

8.5 

0.0027 

13.0 

0.0018 

2.6 

0.0085 

5.6 

0.0040 

8.6 

0.0026 

13-5 

aooi7 

2.7 

0.0082 

5-7 

0.0040 

8.7 

0.0026 

14.0 

0.0016 

2.8 

0.0079 

5.8 

0.0039 

8.8 

0.0026 

14.5 

0.0016 

2.9 

0.0076 

5.9 

0.0038 

8.9 

0.0026 

15.0 

0.0015 

3.0 

0.0074  • 

6.0 

0.0038 

9.0 

0.0025 

15.5 

0.0015 

31 

0.0072 

6.1 

0.0037 

9.1 

0.0025 

16.0 

0.0014 

3.2 

0.0069 

6,2 

0.0036 

9.2 

0.0025 

16.5 

0.0014 

3.3 

0.0067 

6.3 

o.o«36 

9.3 

0.0024 

17.0 

0.0014 

3-4 

0.0066 

6.4 

0.6035 

9-4 

0.0024 

17.5 

0.0013 

3.5 

0.0064 

6.5 

0.0035 

9.5 

0.0024 

18.0 

0.0013 

3.6 

0.0062 

6.6 

0.0034 

9.6 

0.0024 

r8.5 

O.00I3 

3.7 

0.0060 

6.7 

0.0034 

9.7 

0.0024 

19.0 

0.0012 

3.8 

0.0059 

6.8 

0.0033 

9.8 

0.0023 

19.5 

0.0012 

3-9 

0.0058 

6.9 

0.0033 

9.9 

0.0023 

20.0 

0.0013 

If  I  gram  of  coal  is  taken  and  the  reading  on  the  photometer  is 
3.1  cm.,  then  from  the  table  the  amount  present  is  0.0072  gram, 
and  the  coal  contains  0.7  percent,  of  sulphur.     A  coal  should 
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not  contain  over  i  per  cent,  of  volatile  sulphur  ;  1.5  per  cent, 
may  sometimes  be  taken  as  a  limit. 

In  the  accompanying  diagram  the  long  dash  line  is  the  curve  pro- 
duced by  the  precipitation  of  barium  sulphate  where  the  ordinates 
are  centimeters  in  depth,  and  the  abscissas  are  grams  of  sulphur  tri- 
oxide  when  reading  with  the  photometer.  The  unbroken  line  is 
the  reciprocal  curve  and  the  dotted  line  is  the  curve  produced  by 
standard  silica  made  from  diatomaceous  earth. 

The  silica  curve  shows  the  form  of  curve  produced  by  an  abso- 
lutely insoluble  substance  and  its  variation  from  the  reciprocal 
curve  shows  the  effect  of  the  cutting  out  of  light  by  the  water 
itself. 

0.004       0.008     0.012     0.016      o.oao     0.034      0.028      0.033      0.036      0.040       0.044 
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The  difference  between  the  silica  curve  and  the  sulphate  curve 
represents  the  solubility  of  the  barium  sulphate.  This  explains 
why  the  formula  takes  the  form 


_ao574 
X  =  — ' 


^'  +  O.  I  ' 

when  according  to  optics  the  denominator  should  be  (^  —  a)  in- 
stead of  {y  -\-  a), 
A  wide  field  is  open  for  experiments  upon  the  photometric 
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determination  of  other  precipitates  and,  in  the  future,  there  is  no 
reason  why  photometry  should  not  take  as  important  a  place  in 
chemical  analysis  as  that  now  occupied  by  colorimetry. 

MT.  P&08PBCT  LABORATORTi 

Brooklyn.  N.  Y. 


DERIVATIVES  OF  PHENVLETHER,  II. 

By  Alfred  N.  Cook. 
Received'Aupist  ■7, 1901.        * 

IN  a  paper*  published  a  few  months  since  by  A.  N.  Cook  and 
H.  W.  Hillyer  a  number  of  derivatives  of  phenylether  were 
described  which  had  been  prepared  by  acting  on  potassium  para- 
cresolate  with  orthobromnitrobenzene,  and  reducing  and  oxidi- 
zing the  resulting  compound.  During  the  past  six  months  the 
work  has  been  extended  to  orthocresol  and  metacresol  with  re- 
sults as  described  in  the  following  pages  : 

2'NitrO'2''Metkylphenylether, 

NO,  CH, 

\      _ 

This  compound  was  prepared  by  the  action  of  orthobromnitro- 
benzene  upon  potassium  orthocresolate.  The  reaction  is  repre- 
sented by  the  following  equation  : 

NO,.C,H,Br  +  KO.C,H,.CH,  :=  NO,.C,H,OC,H,.CH,  +  KBr. 

The  potassium  orthocresolate  was  prepared  by  heating  on  the 
water-bath,  for  several  hours,  molecular  equivalentsof  orthocresol 
and  potassium  hydroxide  dissolved  in  a  little  water,  and  then 
drying  in  the  air-bath  until  thoroughly  desiccated.  On  cooling, 
it  solidified  to  a  crystalline  mass  of  a  light  brownish  color.  It  is 
very  hygroscopic. 

In  the  preparation  of  the  ether,  molecular  equivalents  of  potas- 
sium orthocresolate  and  orthobromnitrobenzene  were  heated  in  an 
oil-bath.  At  137®  C,  a  gentle  ebullition  began  which  increased 
for  a  few  minutes,  although  the  containing  flask  was  removed 
from  the  bath,  and  then  gradually  subsided.  The  temperature 
also  rose  several  degrees  during  the  action.  When  the  action  had 
ceased  there  remained  a  copious  precipitate  of  potassium  bromide 
and  a  supernatant  brownish-black  liquid.  When  cool  theliquidwas 

»  Am.  Chem.J.,  24,  525-5a9- 
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extracted  with  ether.  The  ether  extract  was  washed  with  a  weak 
water  solution  of  potassium  hydroxide  to  remove  any  free  cresol 
which  might  be  present.  The  orthobromnitrobenzene  which  re- 
mained unacted  upon  was  distilled  ofF  with  steam  and  the  phenyl- 
ether  was  distilled  under  diminished  pressure/  Fourteen  grams 
of  the  crude  ether  were  obtained  from  26  grams  of  orthobrom- 
nitrobenzene, or  40  per  cent,  of  theory.  Twenty-six  per  cent,  of 
the  orthobromnitrobenzene  remained  unacted  upon. 

When  two  molecular  equivalents  of  the  orthobromnitrobenzene 
were  employed  to  one  of  potassium  orthocresolate,  a  temperature 
of  170**  C.  was  required  to  induce  reaction  and  the  5rield  was 
much  less  than  with  equimolecular  quantities.  When  molecular 
equivalents  of  the  two  reacting  compounds  were  heated  with 
orthocresol  as  a  menstruum,  action  began  at  165^  C.  The  tem- 
perature rose  to  200°  C.  although  the  containing  flask  was  re- 
moved from  the  bath.  On  cooling,  a  tarry  mass  resulted  which 
could  not  be  extracted  with  ether  and  no  phenylether  was 
obtained  from  it.  Other  solvents,  such  as  nitrobenzene,  that  pos- 
sess a  high  boiling-point  were  used,  but  no  reaction  took  place, 
although  the  temperature  was  raised  65^  C.  above  the  point  where 
they  react,  when  heated  together  in  equimolecular  quantities. 
The  first  instance  would  be  explained  by  the  free  cresol  acting  on 
the  orthobromnitrobenzene  or  the  resulting  compound.  The 
second  would  be  explained  on  the  ground  that  no  ionization  of  the 
two  reacting  substances  takes  place  in  the  solvents  used.  An  en- 
deavor to  prepare  the  substance  by  substituting  sodium  ortho- 
cresolate for  the  potassium  compound  was  also  unsuccessful.  A 
tar  resulted  from  which  nothing  could  be  extracted  with  ether. 

2-Nitro-2'-methylphenylether  is  a  dark  red  liquid  of  1.195  spe- 
cific gravity  at  20^  C.  It  has  an  oily  taste,  and  a  fruity  odor 
which  is  probably  due  to  small  traces  of  impurities.  It  is  soluble 
in  organic  solvents  in  general,  but  is  insoluble  in  water  ;  is  not 
volatile  with  steam  ;  and  when  subjected  to  a  temperature  of  18^ 
C.  for  several  hours  it  did  not  solidify.  It  decomposes  when 
boiled  under  ordinary  atmospheric  pressure,  but  distils  unchanged 
at  194^-196^  C.  under  a  pressure  of  14  mm.  0.6925  gram  of  the 
liquid,  dissolved  in  41.S  grams  of  absolute  alcohol,  gave  a  rise  of 
the  boiling-point  of  0.095^.     This  gives  200.6  as  the  molecular 

1 1  am  indebted  to  theldndnesH  of  Dr.  H.  W.  Hillyer,  of  the  University  of  Wisconsin, 
for  distilling  this  compound  for  me  under  diminished  pressure,  ss  well  as  the  2-nitro-3'- 
methylphenylether  mentioned  farther  on. 
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weight.  Theory  requires  229.  Potassium  dichromate  in  acetic 
acid  solution  does  not  oxidize  the  side-chain  to  carboxyl  as  in 
case  of  •2-nitro-4'-methylphenylether.  The  compound  is  bumed 
completely  when  the  temperature  is  but  slightly  raised.  Analyses 
resulted  as  follows : 

Calculated  for  Pound. 

Ci.,H„NO,.  I.  II. 

Carbon 68.12  67.97  68.22 

Hydrogen  4.83  . .  • .  4.50 

2-Ainin0'2^ 'Meihylphenylether  Hydrochloride,  CH,.C,H^OC,H^. 
NHj.HCl. — ^The  amido  compound  was  prepared  by  dissolving  the 
previously  described  phenylether  in  alcohol  and  reducing  with 
tin  and  hydrochloric  acid  while  warming  on  the  water-bath.  The 
action  was  allowed  to  continue  until  a  test  portion  yielded  no  pre- 
cipitate when  diluted  with  a  large  amoimt  of  water.  The  tin  was 
precipitated  with  hydrogen  sulphide  and  the  solution  concentrated 
on  the  water-bath,  when  it  assumed  a  slightly  pink  tint.  The 
hydrochloride  does  not  crystallize  but  simply  separates  out  in  the 
form  of  a  snow-white  wax  which  coheres  readily  when  pressed 
together  with  the  fingers.  It  is  readily  soluble  in  ether  and 
alcohol,  and  moderately  soluble  in  water.  A  water  solution  does 
not  yield  a  chlorplatinate  with  hydrochlorplatinic  acid.  Of 
several  attempts  to  prepare  the  amido  derivative  only  one  was 
successful.  It  would  invariably  decompose  while  concentrating 
on  the  water-bath.  The  specimen  obtained,  however,  was  per- 
fectly stable.  It  was  kept  for  several  days,  a  part  of  the  time  in 
contact  with  water.  In  attempting  to  prepare  the  free  base  by 
precipitating  with  ammonia,  it  decomposed  before  it  could  be 
filtered. 

2'NitrO'2' 'MethylphenyUther  Sulphonic  Add,  NO,.C„H,O.CH,. 
SO,H. — The  free  acid  was  prepared  by  dissolving  2-nitro-2'- 
methylphenylether  in  concentrated  sulphuric  acid,  diluting  with 
a  large  amount  of  water,  precipitating  the  excess  of  sulphuric 
acid  with  lead  nitrate,  and  removing  the  excess  of  lead  with 
hydrogen  sulphide.  The  solution  was  then  evaporated  on  the 
water-bath  and  the  acid  desiccated  over  sulphuric  acid. 

It  is  a  reddish-yellow,  sirupy  liquid  which  becomes  somewhat 
viscous  on  cooling,  and  has  an  intensely  bitter  taste.  It  is  readily 
soluble  in  petroleum  ether,  glacial  acetic  add,  wood  alcohol, 
ethyl  alcohol,  benzene,  nitrobenzene,  dimethyl  aniline,  glycerine, 
aldehyde,  and  benzaldehyde.     One  part  of  the  acid  is  soluble  in 
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about  2.5  parts  of  water  at  80^  C.  and  considerably  less  soluble 
in  cold  water.  A  weak  solution  of  the  acid  does  not  yield  a  pre- 
cipitate with  any  of  the  metals.  Its  composition  was  determined 
by  the  analyses  of  some  of  its  salts  which  are  given  below. 

Barium  Salt,  (N0,.Ci,H,0.CH,.S03),Ba.— This  salt  was  pre- 
X>ared  by  adding  sufficient  barium  chloride  to  the  diluted  sulphuric 
add  solution  of  the  ether  to  remove  the  excess  of  sulphuric  acid 
and  change  all  of  the  free  sulphonic  acid  to  the  barium  salt. 
Owing  to  the  fact  that  the  salt  is  only  sparingly  soluble  in  cold 
water,  most  of  it  was  precipitated  along  with  the  barium  sulphate 
and  had  to  be  extracted  from  it  with  boiling  hot  water,  from 
which  it  crystallized  on  cooling  in  light,  fluflFy,  radial  aggrega- 
tions of  fine,  cream-white  needles.  It  is  almost  without  taste. 
7.45  parts  of  the  salt  are  soluble  in  1000  parts  of  boiling  hot  water 
and  1.2  parts  are  soluble  in  1000  parts  of  water  at  31®  C.  The 
water  solution  is  almost  colorless.  This  salt  is  the  least  soluble 
of  any  here  described,  and  as  a  consequence  the  most  easily 
purified.  Two  determinations  of  the  barium  after  crystallizing 
the  compound  four  times  from  hot  water  and  drying  at  150°  C. 
resulted  as  follows : 

I.  0.2394  gram  of  the  substance  yielded  0.0731  gram  of  barium  sulphate. 
II.  0.51 12  gram  of  the  substance  yielded  0.1567  gram  of  barium  sulphate. 

Calculated  for  Pound. 

(Ci3HioO«SN)aIia.  I.  II. 

Barium 18.18  17.96  18.04 

StranHum  Salt,  (CH,.C„H,O.NO,.SO,),Sr  +  2H,0.— The  stron- 
tium salt  was  prepared  by  the  same  general  method  as  the  barium 
salt.  Strontium  nitrate  was  used  to  precipitate  the  excess  of  sul- 
phuric acid.  Some  of  the  salt  was  thrown  down  with  the  stron- 
tium sulphate  and  was  extracted  with  hot  water.  It  crystallizes 
from  a  hot  water  solution  in  crystalline  grains  except  when 
allowed  to  crystallize  very  slowly,  when  the  crystals  resemble 
snowflakes  in  form.  They  are  brownish  yellow  in  color  and 
about  2  mm.  in  diameter.  The  water  solution  of  the  salt  is 
yellow.  Twenty  parts  of  the  compound  are  soluble  in  1 000  parts  of 
boiling  hot  water,  and  6.8  parts  are  soluble  in  1000  parts  of  water 
at  31**  C.  On  being  dried  in  the  air-bath  at  110°  C.  it  lost  in 
weight  corresponding  to  two  molecules  of  water. 

I«  0.2326  gram  of  the  substance  yielded  0.0104  gram  of  water  and  0.0576 
gram  of  strontium  sulphate. 
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II.  0.2385  gram  of  the  substance  3delded  0.0108  gram  of  water  and  0.Q59S 

gram  of  strontium  sulphate. 

Calcalated  for  Pound. 

(CH,.CuHrO.NOi.80i)sSr+2lIsO.      I.  n. 

Strontium 11.84  11-82  11.91 

Water 4.87  4-47  4-53 

Lead  Salt,  (CH,C„H,O.NO,.SO,),Pb.— The  same  general 
method  was  used  in  the  preparation  of  the  lead  salt  as  with  the 
two  preceding.  Owing  to  the  greater  solubility,  however,  it  was 
not  necessary  to  digest  the  lead  sulphate  precipitate  with  hot 
water,  but  it  was  necessary  to  concentrate  the  solution  in  order 
to  induce  crystallization.  Its  water  solution  is  a  deep  yellow. 
It  crystallizes  in  well  defined,  yellow,  crystalline  grains.  81.7 
parts  of  the  salt  are  soluble  in  1000  parts  of  boiling  water,  and 
35  parts  are  soluble  in  1000  parts  of  water  at  31^  C. 

I.  0.3600  gram  of  the  substance  yielded  0.1001  gram  of  lead  oxide. 

II.  0.2816  gram  of  the  substance  yielded  0.0766  gram  of  lead  oxide. 

Calculated  for  Pound. 

(CHt.CuHrO.NO|.SO«)sPb.      I.  II. 

Lead   •-.  25.15  25.55  25.24 

2-Nitro  s^  'Meihylphenyletker, 

NO,  CH, 

was  prepared  by  the  same  general  method  as  the  2-nitro-2'-methyl- 
phenylether  described  in  the  preceding  pages,  from  potassium 
metacresolate  and  orthobromnitrobenzene.  The  potassium  ortho- 
cresolate  was  prepared  in  the  same  manner  as  the  potassinm 
orthocresolate.  It  is  a  light  brown  crystalline  solid,  when  pre- 
pared by  this  method.  It  melts  at  about  55 '^  C,  and  liquefies  by 
absorption  of  water  when  allowed  to  remain  in  contact  with  the 
air. 

When  the  temperature  of  the  two  reacting  substances  was 
raised  to  100^  C.  a  gentle  ebullition  b^an  which  increased  and 
the  temperature  rose  to  145**  C,  although  the  containing  flask 
was  removed  from  the  oil-bath.  The  action  continued  for  about 
five  minutes  and  then  subsided.  There  remained  a  copious  pre- 
cipitate of  potassium  bromide  and  a  supernatant  brown  liquid. 
The  yield  was  almost  quantitative  in  the  first  experiment  but  not 
so  good  in  the  second. 
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This  compound  is  a  red,  oily  liquid.  Prom  its  appearance  it 
could  not  be  distinguished  from  2-nitro-2'-methylphenylether. 
Its  specific  gravity  is  1.208  at  27°  C.  It  is  not  volatile  with 
steam  ;  it  has  an  oily  taste  and  a  slight,  fruity  odor,  probably  due 
to  small  quantities  of  impurities ;  decomposes  when  boiled  under 
ordinary  atmospheric  pressure,  but  under  30  mm.  pressure  it 
distils  without  decomposition  at  223^  C.  It  is  very  soluble  in 
alcohol,  ether,  benzene,  chloroform,  acetic  add,  and  other  organic 
solvents.  It  is  insoluble  in  water.  An  attempt  to  oxidize  the 
side-chain  to  carboxyl  was  unsuccessful.  It  seemed  to  bum  com- 
pletely. Owing  to  the  small  amount  of  the  substance  at  hand  I 
was  unable  to  make  an  analysis,  but  its  composition  is  sufficiently 
shown  by  the  analysis  of  the  barium  salt  of  the  sulphonic  acid 
derivative. 

2'AminO'S* 'Methylphenylether  Hydrochloride,  CHj.CjH^OCjH^. 
NH,.HC1,  was  prepared  in  the  same  manner  as  the  corresponding 
hydrochloride  of  2-amino-2'-methylphenylether.  It  was  more 
stable,  however,  during  the  process  of  preparation,  only  decom- 
posing slightly  when  evaporating  the  water  solution  on  the 
water*  bath.  It  is  a  clear,  viscous  substance,  very  soluble  in  alco- 
hol and  ether,  but  quite  sparingly  soluble  in  water.  A  water 
solution  does  not  yield  a  precipitate  with  hydrochlorplatinic  acid. 
An  attempt  to  prepare  the  free  base  was  unsuccessful.  It  was 
precipitated  from  its  water  solution  with  ammonia,  but  it  decom- 
posed under  the  bell-jar  over  sulphuric  acid  before  it  could  be 
thoroughly  dried. 

2'NitrO'3''MethylphenyUtker  Sulphonic  Acid,  NO,.C„H,O.CH,. 
SO,H,  was  prepared  by  the  same  method  as  the  corresponding 
derivative  of  2-nitro-2'-methylphenylether.  On  concentrating 
the  water  solution  it  crystallizes  in  short,  well  defined,  yellowish 
brown  needles.  It  possesses  a  slightly  bitter  taste,  and  is  soluble 
in  alcohol,  ether,  and  other  organic  solvents.  Its  water  solution 
is  yellow  and  dyes  the  hands  yellow. 

The  Barium  Salt,  (NO,.C„H,.CH,.SO,),Ba+ 2H,0,  was  pre- 
pared in  the  same  manner  as  the  barium  salt  of  2-nitro-3'-methyl- 
phenylether  sulphonic  acid.  It  separates  from  a  weak  water  solu- 
tion in  crystals  about  2  mm.  in  diameter  which  resemble  snow- 
flakes  in  appearance,  but  with  a  heavier  structure.  They  are 
light  brown  in  color  and  are  composed  of  little  balls  connected  to 
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the  central  portion  by  ligaments  as  shown  in  the 
accompanying  drawing.  Eleven  parts  of  the  salt  are 
soluble  in  looo  parts  of  water  at  82^  C.  and  6.1 
parts  are  soluble  in  1000  parts  of  water  at  35®  C. 
When  dried  in  the  air-bath  at  100°  C.  for  an  hour  it 
lost  in  weight  corresponding  to  two  molecules  of  water. 

I.  0.2583  gram  of  the  substance  yielded  o.oiio  gram  of  water. 
II.  0.2363  gram  of  the  substance  yielded  0.0098  gram  of  water  and  0.0685 

gram  of  barium  sulphate. 

Calculated  for  Poand. 

(CH,.CisH7.NOt.80t)tBa  +  aHjO.     I.  II. 

Barium 17*36  ••••  17.01 

Water  4.05  4.26  4.15 

2-NiirO'4^'fneihylphenyletker  Sulphonic  Acid^  NO,.C„H,O.CH,. 
SO,H,  was  made  from  the  corresponding  ether  previously  de- 
scribed* by  the  same  method  as  the  analogous  compounds  already 
described  in  this  paper.  The  heat  of  the  boiling  water-bath  was 
necessary  to  induce  solution  of  the  ether  in  the  concentrated  sul- 
phuric add.  No  charring  was  produced  as  stated  in  a  previous 
article.'  The  substance  then  used,  as  was  afterwards  known, 
was  not  quite  pure.  On  decomposing  the  lead  salt  with  hydrogen 
sulphide  and  concentrating  the  water  solution,  the  acid  crystal- 
lizes out  in  well-defined  crystals  of  a  reddish  brown  color  and  a 
slightly  bitter  taste.  After  being  desiccated  over  sulphuric  acid 
it  increases  in  weight  rapidly  on  coming  in  contact  with  the  air. 
Its  water  solution  is  very  yellow.  It  is  readily  soluble  in  alcohol, 
ether,  benzene,  glacial  acetic  acid,  and  other  organic  solvents. 
Ninety-eight  parts  of  the  acid  are  soluble  in  1000  parts  of  water  at 
31  °  C.  Its  water  solution  does  not  give  a  precipitate  with  any  of 
the  metals.  Its  composition  was  determined  b>  analyzing  the 
barium  salt. 

Barium  Salt,  (NO,.C„H,O.CH,.SO,),Ba  +  sH.O.— The  barium 
salt  was  prepared  in  the  same  manner  as  its  analogues.  Its  solu- 
bility in  water  is  the  highest  and  the  number  of  molecules  of 
water  of  crystallization  the  greatest  of  any  of  the  salts  described. 
On  account  of  its  greater  solubility  it  was  the  most  di£Bcult  to 
purify  by  recrystallization.  It  crystallizes  out  in  yellowish  brown 
warts  about  \  inch  in  diameter  on  the  average.  It  is  insoluble 
in  organic  solvents  in  general,  but  is  soluble  in  both  methyl  and 

'^  Am.  Chem.J.^  94,  $26. 
«  Loc.  cii.,  p.  527. 
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ethyl  alcohol  containing  a  very  little  water.  691  parts  of  the  salt 
are  soluble  in  looo  parts  of  water  at  So"*  C.  and  147  parts  are  solu- 
ble in  1000  parts  of  water  at  27®  C.  On  being  heated  in  the  air- 
bath  at  ioo**-i  10°  C.  it  becomes  somewhat  lighter  in  color  and 
loses  in  weight  corresponding  to  five  molecules  of  water  of  crys- 
tallization. 

0.1792  gram  of  the  substance  3rielded  0.0167  gnm  of  water  and  0.0499 
gram  of  barium  sulphate. 

Calculated  for 
(N0s.CisH70.CH3.S0s)sBa+5Hs0.    Pound. 

Barium 16.25  i6-35 

Water 9.54  9.33 

This  study  is  being  continued  and  extended  to  the  reaction  be- 
tween parabromnitrobenzene  and  the  cresols. 

MORMINOBIDE  COLLBOB, 

Sioux  City,  Iowa, 
August  10,  1901. 


OPTICAL  ROTATIONS  OP  CERTAIN  TARTRATES  IN 

GLYCEROL. 

By  J.  H.  IfOiro. 

Received  August  17, 1901. 

NKARIyY  all  active  substances  exhibit  different  rotations  in 
different  solvents.  In  some  cases  the  causes  of  these  varia- 
tions, are  known  while  in  other  and  numerous  instances  no  satis- 
factory explanation  of  the  variable  activity  has  yet  been  given. 
The  several  important  factors  in  this  variation  in  specific  rotation 
have  been  grouped  by  Landolt  as  follows  : 

a.  Electrolytic  dissociation  in  aqueous  solution. 

d.  Formation  or  breaking  down  of  molecular  aggregations. 

c.  Presence  of  complex  so-called  crystal  molecules  in  solution. 

d.  Formation  of  hydrates  or  corresponding  bodies  with  solvent. 

e.  Hydrolysis. 

It  was  pointed  out  by  I^andolt,  and  confirmed  by  Oudemans, 
that  in  dilute  solutions  the  molecular  rotations  of  salts  of  active 
acids  are  independent  of  the  base  combined  with  the  add,  and 
that  in  salts  of  active  bases  the  molecular  rotations  are  independ- 
ent of  the  inactive  acid.  This  is  well  illustrated  by  the  following 
table  in  which  iM']i)  refers  to  the  molecular  rotation. 


8l4  J-  H.  I^NG. 

(NH,),C4H40, 63,0 

Na,C,H,0, 59.9 

K,C4H40, 64.4 

NaNH^C^H.O, 61.7 

KNH^C^H^Oe 63.8 

KNaC4H40,   62.4 

MgC4H40, 61.7 

For  a  number  of  solutions  containing  thallium  tartrate  and 
thallium  double  tartrates,  I  found  molecular  rotations  much  smaller 
than  these  for  the  higher  concentrations  but  approaching  them 
on  increasing  dilution/ 

Hadrich,  in  1893,'  gave  the  most  plausible  explanation  of  this 
behavior  when  he  showed  by  conductivity  experiments  that  the 
variations  in  molecular  rotation  keep  pace  with  variations  in  the 
degree  of  ionization.  He  pointed  out  that  for  many  cases  of  dis- 
solved active  salts  the  molecular  rotation  in  dilute  solution  is  in- 
dependent of  the  inactive  ion. 

Prom  this  standpoint  it  is  of  interest  to  note  the  behavior  of 
bodies  in  glycerol  in  which  solvent  the  degree  of  ionization  must 
be  relatively  small.  The  compounds  which  I  have  examined  to 
test  this  were  the  following  :  potassium  sodium  tartrate,  potas- 
sium antimonyl  tartrate,  potassium  boryltartrate,'  ammonium 
tartrate,  ammonium  hydrogen  tartrate,  and  ammonium  antimonyl 
tartrate.  These  salts  were  all  prepared  in  condition  of  high 
purity  and  were  dissolved  in  a  special  glycerol  kindly  prepared 
for  me  by  Dr.  A.  G.  Manns,  chief  chemist  of  Armour  &  Co.,  to 
whom  my  thanks  are  due.  This  glycerol  was  not  only  practically 
anhydrous  but  was  remarkably  free  from  traces  of  other  bodies. 

It  is  difficult  to  secure  clear  crystals  of  the  ammonium  anti- 
monyl tartrate,  as  on  concentration  of  the  solution  a  gummy  mass 
is  usually  obtained.  But  after  many  trials  one  solution  deposited 
an  abundant  crop  of  crystals,  which  by  determination  of  the 
antimony  and  the  water  were  found  to  have  the  composition 
(NH4)(SbO)C4H40e+ J^H,0.  Another  product  secured  had 
approximately  the  composition    (NH4)(SbO)C4H40g  + 2>iH,0. 

The  tartrates  of  ammonium  and  the  potassium  boryltartrate 
were  made  in  the  laboratory  by  well-known  methods.  The  fol- 
lowing table  contains  the  results  of  polarizations  made  partly  with 

^  Am.  J.  Set.  and  Aris^  38*  264. 
>  Ztschr.  phys.  Chem.^  la,  476. 
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the  large  Landolt-Lippich  instmment  in  a  400  mm.  tube,  and 
partly  in  a  Laurent  instrument  from  Schmidt  and  Haensch  with 
a  200  mm.  tube. 

Salt.  for  water.  for  glycerol. 

KNaC4H40,.4H, 0 22.i*»    ^  =  5t03o      28.85**^=   5 

28.35**  c=io 
27.87**  r=  15 

27.40**  r=20 

26. 96**  ^=25 

KSbOC4H40g. |H,0 140.69**  c=2  139.25**  ^  =   2 

141.27**  r  =  5  141.17**^:=   3 

141.40**  r  =  6  143-75°^=  4 

KBOC4H4O, 58.io**^  =  5  30.9**   c=  5 

(NH4),C4H40, 34.50**  ^:=  5  AS'So""  c=   4 

(NH4)HC4H40, ;....     26.0**    c=i.s  27.7**    r=o.75 

(NH4)SbOC4H40,.iH,6 150.0**    ^  =  5  146.10**  r=   3 

146.25**^=  4 
NH4SbOC4H40g.2iH,0   ....   115.7**    c  =  s  109.37**  r=   4 

It  will  be  observed  in  this  table  that  the  values  of  the  specific 
rotations  obtained  in  glycerol  solution  for  potassium  sodium  tar- 
trate, ammonium  tartrate  and  ammonium  hydrogen  tartrate  are 
greater  than  the  rotations  found  in  aqueous  solution.  In  the  first 
two  cases  the  differences  are  extremely  marked  and  the  active  ion 
is  probably  no  longer  the  simple  group,  C4H4O,.  It  is  interest- 
ing to  note  in  the  case  of  Rochelle  salt  that  the  specific  rotation 
is  greatest  in  the  glycerol  solution  of  lowest  concentration,  or 
greatest  degree  of  separation  into  single  molecules. 

The  behavior  of  the  two  antimonyl  tartrates  is  the  most  charac- 
teristic and  important.  Wc  have  here  very  high  specific  rota- 
tions in  water,  and  but  slightly  different  in  glycerol.  For  the 
first  of  these  substances  Hadrich'  has  shown  that  there  is  almost 
no  dissociation,  and  it  is  evident  that  the  same  ion  is  active  in 
both  aqueous  and  glycerol  solutions.  The  molecular  rotations  of 
the  two  bodies  in  water  are  almost  identical,  but  for  the  ammo- 
nium salt  the  molecular  rotation  in  glycerol  is  a  little  lower.  This 
concordant  behavior  naturally  suggests  the  existence  of  a  peculiar 
add  as  active  in  these  salts,  and  this  may  be,  as  Clarke's  investi- 
gations' of  some  years  ago  seemed  to  prove,  a  body  of  the  formula 

1  Loc.cit. 

*  Am.  Oum.  ^^  a,  319. 
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The  heavy  ion  of  this  acid  has  about  seven  times  the  effect  on 
the  polarized  ray  that  is  exerted  by  the  lighter  ion  of  the  ordinary 
tartaric  acid  in  both  media. 

But  the  case  is  different  with  the  potassium  boryltartrate,  the 
composition  of  which  has  usually  been  assumed  as  similar  to  that 
of  the  antimony  compound.  We  have  here  a  much  lower  rota- 
tion in  glycerol  than  m  water,  indicating  the  presence  of  different 
active  ions  in  the  two  media.  By  hydrolysis  in  aqueous  solution, 
as  found  by  Hadrich/  the  rotation  decreases  very  rapidly  and 
finally  approaches  that  of  the  simpler  ion,  C^H^O,.  It  is  likely 
therefore  that  this  body  is  not  perfectly  analogous  to  tartar  emetic, 
as  in  their  electrical  and  optical  behavior  the  arsenyl  tartrates  are 
likewise  not. 

It  is  well-known  that  glycerol  is  a  remarkably  good  solvent  for 
boric  acid,  and  the  low  rotation  of  the  borotartrate  in  that  medium 
may  possibly  be  accounted  for  by  assuming  that  in  the  solution 
the  whole  or  a  part  of  the  boric  acid  radical  is  withdrawn  to  form 
a  glycerol  compound.  This  kind  of  hydrolysis  would  leave  then 
a  simple  tartrate.  The  molecular  rotation  calculated  from  the 
glycerol  solution  is  almost  normal  which  lends  color  to  the 
assumption,  while  that  from  the  water  solution  is  nearly  twice  as 
great. 

The  main  points  shown  then  with  reference  to  the  glycerol 
solutions  are  these  :  The  simple  metallic  tartrates  examined  dis- 
solve in  glycerol  and  show  a  larger  specific  rotation  than  in  water. 
The  antimonyl  tartrates,  which  are  but  slightly  dissociated,  show 
nearly  the  same  rotation  in  water  and  glycerol,  and  their  behavior 
in  general  suggests  a  composition  different  from  that  usually  as- 
sumed.    Potassium  boryltartrate  shows  in  glycerol  a  much  lower 

*  Lk.  cii. 
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rotation  than  in  water,  the  calculated  specific  rotation  suggesting 
the  presence  of  the  simple  tartrate  in  the  glycerol  solution. 

NomTBWBSTBxir  UirivBmsiTv,  Chicago, 
August  15,  190X. 


NOTE  ON  THE  DETERMINATION  OF  SILICON  IN  5TEEL. 

By  GBomoB  Auchy. 

Received  August  96. 1901. 

ALTHOUGH  it  has  been  mentioned  by  Dudley  that  silicon  re- 
sults in  steel  by  Drown's  method  are  apt  to  be  low,  on  ac- 
count of  the  iron  sulphate  enclosing  and  protecting  the  silidc  add 
from  the  dehydrating  action  of  the  sulphuric  add,  it  is  probable 
that  this  fact  is  one  not  generally  appreciated  by  chemists. 

When  the  method  is  used  for  pig  iron,  as  was  originally 
intended  by  its  author,  there  is  no  error  from  this  cause  less  ;^  but 
in  steel  the  loss  amounts  to  from  o.oi  per  cent,  to  0.035  P^^  cent, 
silicon  in  medium  silicon  (0.15  to  0.20  per  cent."^  steels,  which  is 
too  much  to  be  ignored.  Dr.  Dudley  thinks  that  it  may  be  pre- 
vented by  taking  great  pains  to  insure  sufficient  contact  by  stir- 
ring. Four  experiments  made  by  the  writer,  in  which  five 
minutes'  stirring  in  each  case  was  done  after  the  appearance  of 
sulphuric  fumes,  showed  this  to  be  true,  only  0.006  per  cent, 
silicon  in  each  case  being  lost.  But  in  a  busy  laboratory  with 
many  silicon  determinations  being  made,  or  with  much  other 
work  demanding  the  attention  of  the  operator,  this  stirring  adds 
'considerably  to  the  labor  of  the  method,  and  the  time  it  requires 
can  hardly  be  allowed.  Says  Dr.  Dudley:  **If  by  some  modifica- 
tion the  iron  salts  could  be  kept  in  solution  until  the  silica  is 
rendered  quite  insoluble,  it  would  apparently  be  a  decided  step 
forward  with  this  method.** 

Several  years  ago  the  writer  found  that  if  aqua  regia  be  used  in 
the  method  instead  of  nitric  acid  alone,  and  the  proportion  of 
strong  sulphuric  acid  be  about  3.2  cc.  per  gram  of  drillings,'  the 
iron  salt  in  that  case  did  not  separate  out  until  just  a  little  before 

1  There  is  Iom,  it  is  true,  of  about  0.10  to  0.15  per  cent,  silicon  in  high  silicon  pig,  but 
it  is  due  to  the  same  cause  (whatever  this  cause  may  be)  that  in  silicate  analyis  brings  the 
result  too  low.  It  is  a  well-known  fact  that  from  1.5  to  3  per  cent,  of  the  total  silica  of 
silicates  remains  in  the  filtrate  from  the  first  silica  separation,  no  matter  what  method  of 
dehydration  be  employed,  or  how  many  evaporations  be  made  before  filtration  (Cameron: 
Ckem.  JVews^  69, 171).  We  should  therefore  expect  the  same  proportion  of  loss  in  pig  iron 
and  steel  analysis,  or  about  0.006  per  cent,  silicon  in  a  o.ao  per  cent,  silicon  steel,  and 
about  0.X0  per  cent,  in  a  3  per  cent,  silicon  pig  iron. 

*  The  liquid  boiled  down  rapidly  in  a  capacious  covered  casserole  (evaporating  dishes 
do  not  serve)  on  a  very  hot  plate. 
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the  appearance  of  sulphuric  fumes,  and  it  was  thought  therefore 
that  this  process  favored  the  dehydration  of  the  silicic  add. 
Later  it  was  found,  however,  that  with  one  evaporation  the  loss 
of  silica  was  usually  just  as  great  or  greater  than  in  using  the 
regular  method. 

Upon  experimenting  with  the  old  Swedish  method  reintro- 
duced by  Dr.  Kinsey,  and  which  consists  in  the  use  of  sulphuric 
add  alone/  without  nitric  or  any  other  add,  it  was  found  that 
the  silica  lost  by  incomplete  dehydration  in  this  method  was 
usually  less  than  0.006  per  cent,  silicon  and  with  stirring  not 
resorted  to  at  all. 


Drowti*8  method, 
silicon  lost. 
Percent. 

0.018 

Writer's  method, 
silicon  lost. 
Percent. 

0.016 

Swedish  method, 

silicon  lost. 

Per  cent. 

0.002 

0.012 

0.028 

0.000 

0.018 

0.018 

0.002 

0.020 

0.028 

0.006 

0.016 

0.026 

0.000 

0.022 

•      0.020 

0.006 

0.012 

•  •  •  • 

0.006 

0.034 
0.012 

•  •  •  a 
.                             .  ■   .  • 

0.012 
0.008 

0.014 
0.018 

.... 
0.028 

• .  • . 
0.006 

0.018 

0.022 

0.000 

0.028 

0.022 

0.000 

0.012 

0.034 

0.01 3 

0.032 
0.024 
0.018 

•  •      •      • 

•  •      •      • 

■      •      •      • 

0.006 
0.006 
0.006 

O.OIO 

•      ■      •      • 

0.004 

0.030 

•      •      •      • 

0.002 

0.020 

•     •      •      • 

•  .  a  • 

The  silicon  percentages  in  these  steels  ranged  from  0.15  to  0.25. 
Silicon  lost  in  each  case  was  determined  by  evaporating  the  filtrate. 
All  evaporations  were  to  dense  fumes.  The  Swedish  method 
seems  to  be  in  use  in  but  a  comparativdy  few  (though  large 
and  important)  laboratories,  but  for  steel  analysis  deserves  a 
wider  popularity.  In  the  case  of  high  carbon  steds  the  liquid 
in  a  covered  dish  may  be  boiled  down  rapidly  on  a  thin  steel 
plate,  heated  by  a  full  Bunsen  flame,  tp  the  end  of  the  operation 

1  Hydrochloric  actd^doubtless  serves  as  well. 
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without  lowering  the  flame.^    However  the  dehydration  is  just  as 
complete  when  evaporated  slowly. 

The  writer  uses  50  cc.  of  dilute  sulphuric  acid  (1:4)  for  2.351 
grams  drillings  steel ,  and  observes  that  solution  is  complete 
before  the  sulphuric  acid  becomes  concentrated.  But  in  the  deter- 
minations of  silicon  in  steel  given  by  Drown' s  method  in  the  first 
table  the  proportion  of  sulphuric  add  used  was  for  part  of  them 
10  cc.  concentrated  acid  to  i  gram  drillings  and  for  the  remainder 
3.5  cc,  per  gram  drillings.  The  following  results  from  a  3.55  per 
cent,  silicon  pig  iron  show  that  in  pig  iron  analysis  as  regards  the 
point  under  discussion  Drown*  s  method  is  as  effective  as  the  old 
Swedish. 

Drown:  silicon  lost,  percent,  0.168,  0.14,  0.14,  0.164,  0.133,  0.152 
Swedish      "        "       "      **      0.096,  0.096,  0.096 

That  these  losses  are  due  not  to  the  iron  sulphate  protecting 
the  silicic  acid,  but  to  the  cause  already  referred  to  in  a  foot-note, 
is  shown  by  the  results  of  a  number  of  tests  made  by  the  Swedish 
method  and  with  five  minutes'  stirring  after  appearance  of  fumes 
in  which  the  respective  losses  were  0.152  per  cent,  and  o.  112  per 
cent,  silicon;  and  also  by  another  test  by  the  Swedish  method,  in 
which  two  evaporations  were  made  before  filtration  and  in  which 
the  loss  was  0.108  per  cent,  silicon.  Incidentally  it  is  shown  by 
these  and  the  above  tests  that  the  hydrofluoric  acid  treatment 
usually  insisted  upon  should  not  be  included  in  a  silicon  determi- 
nation, unless  the  silica  remaining  in  the  filtrate  be  recovered  or 
allowed  for.     The  same  is,  of  course,  true  also  of  ferrosilicons. 

The  following  results  from  different  ferrosilicons  give  some 
hint  of  the  proportion  these  mutually  opposing  errors  are  apt  to 
bear  to  each  other. 

The  silica  lost  is  about  3  per  cent,  of  the  total  as  usual.  The 
hydrofluoric  acid  residues  seem  to  be  apt  to  run  somewhat  less. 

Silicon  lost,  per  cent 0.43,  0.23 

H.  F.  residues,  per  cent o.  16,  0.24,  0.14 

In  the  following  table  total  silicon  (silicon  as  usual  plus  silicon 
in  filtrate)  results  by  the  Swedish  method  are  compared  with  total 
silicon  results  by  Drown* s  method. 

1  An  impossible  operation  in  Drown*8  method ;  impossible  also,  usually,  in  this 
method,  in  the  case  of  low  carbon  steels  and  wrought  irons.  For  such,  it  is  perhaps  better 
to  use  hjrdrochloric  add  instead  of  sulphuric. 
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Drown's  method. 
Per  cent. 

Swedish  method 
Percent 

0.190 
0.190 
0.196 

0.190 
0.196 

•  •  •  • 

0.192 
0.178 
0.178 
0.182 

•  •  •  • 

0.184 
0.182 

•  ■  •  • 

0.190 
0.204 

•  •  •  ■ 

0.202 

0.202 

0.204 

0.202 

0.200 

DissTON  &  Sons' 

^ADBLPHIA. 

ON  THE  DECOnPOSITlON  OP  THE  CHLORIDES  OF  ALKALI 

HETALS. 

By  C.    W.  VOLNBY. 
Received  February  13.  1901. 

PART   I. 

THE  action  of  sulphuric  acid  on  the  chlorides  of  the  alkali 
metals  is  usually  expressed  by 

RCl  +  H,SO,  =  RHSO,  +  HCl. 

It  has  been  observed  that  concentrated  sulphuric  acid  acts  with 
considerable  violence  on  the  alkaline  chlorides  at  the  common 
temperature ;  that  an  add,  which  has  been  diluted  with  one-quar- 
ter or  one-third  of  its  weight  of  water,  acts  with  less  violence, 
developing  hydrochloric  acid  gas  on  the  application  of  heat ;  and 
it  is  known  that,  if  less  acid  than  as  above  is  used,  the  hydrochlo- 
ric acid  gas  is  developed  only  on  appljdng  considerable  beat. 
Thus  we  observe  that  in  the  manufacture  of  sulphate  by  the  Le- 
blanc  process,  2  molecules  of  salt  are  used  with  i  molecule  of  sul- 
phuric acid  (60**  B6)  and  that,  whereas,  only  about  70  per 
cent,  of  the  hydrochloric  add  gas  is  driven  off  in  the  pans,  the 
mass  has  further  to  be  caldned  at  a  high  temperature  in  the  cal- 
cining furnaces,  to  complete  the  decomposition.  We  have,  there- 
fore, a  priori  to  conclude  that,  in  order  to  effect  a  thorough  de- 
composition of  the  chloride  by  sulphuric  add,  the  application  of 
heat  is  necessary ;  that  the  decomposition  takes  place  periodically, 
as  the  temperature  is  raised,  and  that  it  is  generally  presumed  that 
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the  entire  decomposition  is  efiFected  at  a  lower  temperature  when 
the  materials  are  used  in  quantities  corresponding  with 

NaCl  +  H,SO,  =  NaHSO,  +  HCl 
than  with 

2(NaCl)  +  H,SO,  =  Na,SO,  +  2HCI. 

But  it  may  be  stated  here  that  the  operation  does  not  take  place 
quite  in  accord  with  this  theory.  If  we  bring  concentrated  sul- 
phuric acid  in  contact  with  sodium  chloride  at  the  common  tem- 
perature, the  action  takes  place  at  once  ;  the  mass  foams  under 
development  of  hydrochloric  add  gas,  and  ultimately  ceases. 
When  the  quantities  used  correspond  with  the  bisulphate  formula- 
tion, a  considerable  portion  of  the  gas  is  driven  out,  but  hardly 
one-half  of  the  theoretical  quantity.  If  the  mass  is  not  heated, 
the  process  is  ended,  so  that  even  with  suflBcient  acid  to  form  the 
bisulphate,  only  about  one-half  of  the  chloride  is  decomposed ;  the 
other  half  can  be  decomposed  only  by  the  application  of  heat. 

For  the  purpose  of  investigating  this  matter,  I  undertook  first 
to  determine  the  quantity  of  hydrochloric  acid  gas,  which  is  de- 
veloped during  the  indicated  phases  of  the  process. 

I  effected  the  decomposition  of  the  chlorides  in  an  apparatus 
very  much  like  those  usually  described  for  the  preparation  of 
hydrochloric  acid.  As  the  mass  foams  very  much,  when  concen- 
trated acid  is  used,  the  flask  is  of  ample  proportion  and  provided 
with  a  thermometer,  safety  funnel,  and  gas  delivery  tube.  Be- 
tween the  absorption  vessel  and  the  development  flask  I  inserted 
an  empty  bottle  with  safety  tube,  serving  as  receiver  of  substances 
carried  over  from  the  flask,  and  also  as  a  safety  valve. 

At  each  phase  I  drew  through  the  apparatus  a  sufficient  quan- 
tity of  air,  to  carry  the  gas  from  the  apparatus  into  the  absorbing 
water.  An  aliquot  portion  of  the  solution  of  hydrochloric  acid 
gas  in  water  served  for  the  determination  of  hydrochloric  acid  by 
normal  soda  solution.  In  this  process,  equivalent  proportions  of 
the  chlorides  and  sulphuric  acid  in  grams  were  used. 

The  temperatures  in  the  flask  during  the  periods  of  gas  devel- 
opment were  noted. 

I.    DECOMPOSITION  OF  SODIUM  CHLORIDE. 

To  117  grams  sodium  chloride,  200  grams  sulphuric  acid  (sp. 
gr.  1.84)  were  added. 
The  evolution  of  gas  is  violent;  the  mass  foams.     Temperature, 
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i8^.  No  rise  of  temperature  is  observed.  In  the  absorptkm 
vessel  was  a  liter  of  water,  of  which,  after  the  reactions  were  fin- 
ished, aliquot  portions  (loo  cc.)  were  used  for  the  determination 
of  hydrochloric  acid. 

It  was  found  that  the  flask,  containing  the  salt  and  sulphuric 
acid,  should  be  frequently  shaken  to  effect  the  reaction,  otherwise 
only  an  imperfect  decomposition  of  the  chloride  takes  place. 
This  is  shown  by  the  following  two  series  of  determinations,  one 
resulting  from  the  flask  left  at  rest,  and  the  other  frequently 
shaken.  From  117  grams  sodium  chloride,  one-half  of  the  theo- 
retical quantity  of  HCl  (73),  that  is,  36.5  grams,  should  be  set  free 
and  found  in  the  absorbing  water : 

Percentages  found. 
I.  II. 

26.49  3358 
25.91  32.12 

27.61  34.31 

26.50  33.58 
26.50  34.42 

27.31  33.60 

26.00  34.12 

34.30 


Average    26.6  33.7 

Theoretical  amount,  36.5. 

This  shows  that  95  per  cent,  of  the  theoretical  amount  of 
hydrochloric  acid  has  been  developed ;  and  that  only  46  per  cent. 
of  the  total  amount  of  the  acid  has  been  set  free  at  the  common 
temperature  by  an  excess  of  sulphuric  add. 

The  residue  in  the  flask  solidifies  almost  entirely  to  a  salt  cake, 
when  left  for  a  length  of  time  undisturbed.  Shortly  after  the 
gas  development  ceases,  it  shows  a  mixture  of  an  oily  liquid 
with  undecomposed  sodium  chloride,  and  in  the  liquid,  needles  of 
crystallization  begin  to  form.  If  at  this  time  the  liquid  is  poured 
off  from  the  forming  salt  cake  and  filtered,  crystals  are  obtained, 
which  show  the  composition  NaH,.2SO^,  and  as  it  appears  some- 
what difficult  to  effect  a  separation  of  these  crystals  from  the  re- 
maining sodium  chloride  and  free  sulphuric  add,  I  will  describe 
an  improvement  on  the  filtering  apparatus,  which  I  have  used  on 
former  occasions  for  similar  purposes.^  The  bell-jar  was  con- 
nected with  a  Woulfe  bottle  containing  sulphuric  acid  in  such 

^  This  Journal,  33,  490. 
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a  way  as  to  admit  dry  air  to  the  jar  through  a  tube  with  stop- 
cock. 

The  liquid  or  salt  mixture  is  poured  on  a  platinum  cone,  which 
is  finely  perforated,  and  placed  into  the  funnel  of  the  filtering  ap- 
paratus, which  is  placed  into  the  bell-jar.  When  the  air  is  ex- 
hausted, the  faucet  is  opened  suflSciently  to  let  a  very  slow  stream 
of  air.  pass  through  the  apparatus.  This  air  is  dried  by  sulphuric 
acid.  By  means  of  this  filtration  in  a  vacuum,  the  super- 
fluous sulphuric  acid  is  removed  from  the  crystals  on  the 
platinum  cone,  and,  as  I  have  found  by  comparative  tests, 
the  salt  on  the  filter  may  be  washed  with  concentrated  sulphuric 
acid  to  remove  any  traces  of  sodium  chloride,  without  changing 
the  crystallization  on  the  filter.  This  is  owing  to  the  fact  that 
the  polysulphates,  formed  in  the  salt  cake  of  the  flask,  are  not  af- 
fected by  concentrated  sulphuric  acid.  In  this  manner  material 
for  analysis  was  obtained,  and  the  parts  of  the  salt  crystallizing 
from  sulphuric  acid,  or  from  the  oily  liquid  in  the  flask  before 
solidifying,  gave,  on  analysis,  the  following  results : 

Pound.  Theory  for 

I.  IL  III.  Average.       NaHsCS04)t. 

Na. 9.31  ....  8.100  8.70  10.550 

H, 2.11  11.8  1.6  1.85*  1.376 

SO4 87.50  89.9  92.3  89.9  88.073 

98.92  101.7  102.00        100.45  99-999 

The  irregularities  in  these  results  the  writer  can  ascribe  only 
to  the  diflSculty  in  separating  the  different  salts,  which  necessarily 
existin  the  mixture.  From  the  foregoing,  I  conclude  that  the 
action  of  concentrated  sulphuric  acid  on  sodium  chloride  at  18** 
can  be  expressed  thus : 

2NaCl  +  2H,S0,  =  NaH,(SOJ,  +  HCl  +  NaCl. 

This  reaction  takes  place  without  any  development  of  heat, 
and  with  its  termination  the  development  of  hydrochloric  acid 
gas  ceases. 

The  second  period  of  the  development  of  the  gas  commences 
when  heat  is  applied  to  the  mass.  From  the  fact  that  gas 
develops  as  soon  as  the  flask  becomes  warm,  and  that  the  salt  cake 
in  the  flask  melts  easily,  and  the  gas  development  continues  until 
the  cake  becomes  hard  and  dry,  the  reaction  may  be  considered 

1  Omitting  II. 
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as   taking  place  between  the  polysulphate  and  the  remaining 
sodium  chloride  and  may  be  expressed  thus : 

NaH,(SOJ,  +  NaCl  =  2NaHSO,  +  HCl. 

The  mass  in  the  flask  showed,  at  the  end  of  this  part  of  the 
process,  nearly  120^.  The  salt  cake  is  now  the  usual  bisulphate. 
The  hydrochloric  acid  gas  absorbed  in  the  same  manner  as  de- 
scribed in  the  first  part  of  the  process,  measured  by  titration 
with  normal  alkali,  corresponds  within  from  2  to  7  per  cent,  in 
excess  with  the  calculation.  This  great  difference  is  evidently 
owing  to  the  fact  that  quantities  of  the  sodium  chloride  escape 
contact  with  the  sulphuric  acid,  in  the  measure,  as  the  salt  cake 
becomes  thick  or  solid.  The  difficulties  in  the  practical  manipu- 
lation in  this  investigation  consist  mainly  in  the  impossibility, 
so  far,  of  separating  the  trihydrogen  sodium  disulphate  from 
the  remaining  sodium  chloride,  or  from  any  other  sulphates, 
which  may  be  formed  during  the  first  period  or  phase  of  the  ac- 
tion of  the  sulphuric  acid  on  the  chloride.  On  contact  with  at- 
mospheric air,  water  is  very  quickly  absorbed  by  the  liquid  and 
also  by  the  polysulphates,  and  the  result  is  then  always  sodium 
bisulphate  and  diluted  sulphuric  acid. 

2.    DBCOMPOSITION  OP  POTASSIUM  AND  AMMONIUM  CHLORIDES. 

In  the  continuation  of  the  experimental  part  of  this  investiga- 
tion, the  action  of  concentrated  sulphuric  acid  on  potassium  chlo- 
ride and  ammonium  chloride,  during  the  first  phase  of  the  re- 
action, has  been  examined.  The  quantities  brought  in  contact 
at  thecommon  temperature,  i7**-i8®,  complied  with  RCl  +  HjSO^. 
The  temperature  of  the  mixture  of  potassium  chloride  and 
acid  remains  stationary  until  the  acid  has  come  well  in  contact 
with  the  chloride,  when  the  temperature  rises  from  17^  to  30', 
receding  again  to  17^  after  the  corresponding  reaction  is  finished. 
When  sulphuric  add  reacts  on  ammonium  chloride  under  the 
same  conditions,  the  temperature  falls  quickly  from  18^  to  i^. 

This  work  is  to  be  continued. 

Reference  to  Literature : 
Carl  Schultz :  *  *  Ueber  saure  Salze  der  Schwef elsauie, ' '  Pogg.   Ann.,  1868. 
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QUANTITATIVE  DETERHINATION  OF  FLUORINE  IN  FLUO- 
RIDES  EA5ILY   DECOMPOSABLE   BY 
SULPHURIC  ACID.' 

Bt  W.  B.  Bukk. 

Received  September  3,  x9oz. 

IN  determining  the  purity  of  commercial  fluorite,  two  methods 
were  found  outlined  which  appealed  as  practicable,  one  de- 
scribed by  Hillebrand/  based  upon  the  method  of  Rose,  and  the 
one  of  M.  Camot  described  at  length  in  a  paper  **  Sur  le  dosage 
dufluor."* 

A  modification  of  Carnot's  method,  as  recommended  by  Cairns, 
was  tried  but  with  little  success. 

The  method  described  by  Hillebrand,  while  satisfactory  for 
complex  silicates,  was  not  found  as  suitable  as  that  of  Camot, 
and  a  modification  of  the  latter  with  certain  precautionary  addi- 
tions was  adopted  with  satisfactory  results.  Without  these  addi- 
tional precautions,  however,  the  method  does  not  give  accurate 
results,  but  invariably  shows  too  high  percentage  of  fluorine. 

The  method  adopted  is  as  follows  : 

A  perfectly  dry  mixture  of  about  3  grams  of  dry  powdered  and 
calcined  silicon  dioxide  and  0.20  gram  of  dry  powdered  fluorite 
with  40  cc.  concentrated  sulphuric  acid  is  digested  at  a  tempera- 
ture of  120®  to  135*^,  the  silicon  tetrafluoride  evolved  being  con- 
ducted through  a  perfectly  dry  conducting  tube  to  a  narrow  up- 
right vessel  containing  about  20  cc.  of  a  freshly  prepared  10  per 
cent,  solution  of  potassium  fluoride.  The  end  of  the  conducting 
tube  dii>s  into  a  sufficient  pool  of  pure  mercury  to  prevent  moisture 
from  entering  the  tube.  A  slow  current  of  dry  air  is  passed 
while  the  temperature  of  the  sulphuric  add  mixture  is  maintained 
for  one  and  a  half  hours. 

The  reactions  involved  are  as  follows  : 

CaF,  +  H,SO,  =  2HF  +  CaSO^  ; 
4HF+   SiO,  =SiF, +  2H,0. 

In  the  receiving  vessel  : 

SiF,  +  2KF  =  E;SiFe. 

The  potassium  fluosilicate  separates  out  partially,  and  after 

>  This  iMiper  is  an  extract  from  a  portion  of  a  thesis  presented  to  the  Rose  Polytechnic 
Institute  for  the  Master's  deto'ee. 

*  Bulletin  176  of  U.  S.  Geological  Surrey, 
s  Cowt^i.  rend^  114,  750  (1892}. 
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transferring  to  a  subsiding  vessel  and  adding  an  equal  volume  of 
90  per  cent,  alcohol  it  subsides  perfectly  to  a  heavy  pulpy  stratum. 
After  a  half  hour  the  contents  are  filtered,  using  a  Gooch  crucible 
with  asbestos  plate,  washed  free  from  potassium  fluoride  with  90 
per  cent,  alcohol  and  dried  to  constant  weight  at  a  temperatuie 
of  100*^  C.  Two-thirds  of  the  fluorine  of  the  potassium  fluosili- 
cate  comes  from  the  fluorite,  or  the  weight  of  the  salt,  multiplied 
by  the  factor  0.3451 1,  gives  fluorine;  and  this  multiplied  by 
2.0527  gives  the  calcium  fluoride. 

The  detail  manipulation  must  be  followed  with  great  care,  in 
which  case  only  will  satisfactory  results  be  obtained.  The  three 
chief  sources  of  error  are  : 

1 .  Moisture  in  air  current  or  conducting  tubes,  resulting  in 
premature  decomposition  of  the  silicon  tetrafluoride  in  the  tubes 
and  even  clogging  of  the  tubes. 

2.  Sulphuric  acid  i^^|iicd!hH^^{H^  by  a  current  of  air^ 
resulting  in  the  droiifoositign  of.  tnSyptassium  fluoride  of  the 
solution  in  the  refq^ing  vessel  and  die  <fa^  of  potassitun 
fluosilicate  with  (x>nse(fSiM  n^  ^^ef^ntaep  determination. 

3.  Flakes  of  iqsolubl^..addiJioft«produ^  of  potassium  fluo- 
ride of  the  solutiom^^th  silicon  dirndp^f  the  walls  of  the  glass 
(where  used)  receivin^NiftflgE^Lfrloper  cent,  solution  of  potas- 
sium fluoride  attacks  glass  quite  readily  and  high  percentage  is 
usual  from  this  source  unless  great  care  is  taken. 

These  sources  of  error  are  so  serious  that  early  in  the  experi- 
mental work,  while  using  a  sample  of  rather  pure  fluorite,  con- 
taining 98.77  per  cent,  calcium  fluoride,  values  as  high  as  in  one 
case  130  per  cent,  calcium  fluoride,  and  in  another  113  per  cent, 
calcium  fluoride  were  obtained. 

Details  of  the  method  are  as  follows,  in  which  statements  and 
references  are  made  to  the  accompanying  sketch  of  apparatus  : 

Tube  A  contains  glass  wool  saturated  with  concentrated  sul- 
phuric acid  and  tube  B  contains  fused  calcium  chloride.  From 
these  drying  tubes  a  conducting  glass  tube  extends  to  the  bottom 
of  vessel  C,  which  is  an  Erlenmeyer  flask  of  150  cc.  capacity, 
closed  with  a  three-holed  rubber  stopper,  the  second  and  third 
holes  of  which  are  closed  with  a  stop-cock  funnel  and  a  glass  tube 
D,  one  end  of  which  terminates  just  below  the  rubber  stopper,  the 
other  end  of  the  tube  projecting  into  a  U-tube,  E^  plugged  at  points 
indicated  by  cross  hatching  with  pure  glass  wool,     /'and  G  are 


FLUORINB  IN   FLUORIDES. 


f 


8       J 


U-loops  bent  from  5  mm.  glass  tubing,  coDoected  with  tight 
mbber  joints  and  plugged  with  glass  wool  at  the  points  indicated, 
the  plugs  being  designed  to  interrupt  the  current  of  air  and  effect 
a  stoppage  of  sulphuric  acid  fumes  which  are  not  otherwise  elimi- 
nated. His  A  glass  tube  extending  to  the  bottom  of  the  vessel  /, 
and  terminating  in  a  contracted  end  bent  upward.  Into  the  con- 
taining vessel  /  is  placed  sufficient  pure  dry  mercury  to  seal  the 
opening  of  the  tube  H  hy  2  mm.  to  3  mm.  at  least.  Vessel  /is 
<dosed  with  a  three-holed  rubber  stopper,  through  which  a  stop- 
cock funnel,  and  the  tube  K  enter. 

Tube  A"  leads  toan  aspirator.  The  conducting  tubing  from  C  to 
//"measures  in  length  some  2  metersand  contains  in  all  7  plugs  of 
glass  wool.  Each  part  of  the  apparatus  is  dried  by  warming  and 
exhausting  the  air  before  the  apparatus  is  set  up.  After  the  ap- 
paratus isadjusted,  a  current  of  air  is  allowed  to  pass  while  the 
parts  are  again  heat6d  with  a  naked  flame.  The  current  of  air 
is  now  stopped  and  about  so  cc.  of  a  freshly  prepared  solution  of 
potassium  fiuoride  { 10  per  cent, )  are  poured  into  the  vessel  /  by 
means  of  a  funnel. 

Three  grams  of  pure  powdered  silicon  dioxide  are  calcined  and, 
while  still  sUghtly  warm,  are  intimately  {mixed  in  an  agate  mor- 
tar with  0.30  gram  of  the  fluorite,  which  has  been  powdered  and 
thoroughly  dried.  This  mixture  is  transferred  to  the  flask  Cand 
the  same  immediately  closed.  Forty  cc,  concentrated  sulphuric  acid 
are  now  added  through  the  stop-cock  funnel.     This  acid,  before 
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use,  should  be  aerated  with  a  current  of  dry  air  while  being  heated 
to  a  temperature  of  about  165®  C. 

The  flask  containing  the  mixture  is  now  heated  in  an  oil-bath 
at  a  temperature  of  120^  for  one  and  one-half  hours,  during  which 
time  a  current  of  air  is  allowed  to  pass  at  a  rate  such  that  bub- 
bles in  the  vessel  /  can  be  easily  counted.  Flask  C  is  also  shaken 
vigorously  occasionally  in  order  that  bubbles  of  the  froth-like 
scum  may  be  broken.  The  U-tubes  are  immersed  in  beakers  fiUed 
with  cold  water.  At  the  end  of  the  operation  the  stopper,  with 
connections,  is  removed  from  the  vessel  /,  and  the  //'tube  rinsed 
with  a  little  water. 

The  solution  above  mercury  is  removed  by  means  of  a  bulb 
pipette  and  rubber  mouth  tube,  and  transferred  to  a  small  subsi- 
ding beaker.  The  vessel  /  is  then  rinsed  gently  with  water  and  the 
mercury  washed.  As  little  water  is  used  in  washing  as  possible, 
the  solution  and  rinsings  being  kept  down  within  75  cc.  A  thin, 
somewhat  tenacious  coating  on  the  inner  wall  of  the  vessel/ 
should  not  be  removed,  as  this  is  due  to  addition-products  of  the 
potassium  fluoride  of  solution  with  the  glass.  Care  is  also  taken 
that  no  minute  globules  of  mercury  are  transferred  to  the  beaker. 
An  equal  volume  of  90  per  cent,  alcohol  is  now  added  and  the 
beaker  allowed  to  stand  to  perfect  subsidence.  Decant  and  filter 
through  a  Gooch  filter  with  reduced  pressure.  The  subsiding 
vessel  should  be  rinsed  well  though  not  rubbed.  A  tared  cruci- 
ble with  asbestos  plate  is  used,  and  after  filtering,  the  contents 
are  washed  with  90  per  cent,  alcohol  till  the  filtrate  gives  no  tur- 
bidity with  barium  chloride.  The  crucible  and  contents  are  now 
dried  at  100*^  C.  in  a  hot  air  oven  to  constant  weight,  and  fluorine 
or  calcium  fluoride  estimated. 

M.  Moissan,  in  a  paper  on  his  investigations  of  fluorine,*  men- 
tions the  decided  tendency  of  fluorine  and  its  simple  compounds 
to  form  addition- products.  This  action,  constituting  the  third 
chief  source  of  error  above  mentioned,  could  be  best  eliminated 
by  the  use  of  platinum  for  the  vessel  /,  and  with  this  substitution 
the  method  would  be  very  satisfactory.  Platinum  could  be  used 
with  equal  satisfaction  and  much  economy  of  time  for  the  con- 
ducting tubes  from  vessel  C  to  vessel  /. 

The  modification  of  Camot*s  method  as  proposed  by  Cairns 
consists  in  using  potassium  chloride  instead  of  potassium  fluoride^ 

>  Annual  report  of  the  SmithflonUn  Institution  for  1897. 
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and  catching  any  escaping  hydrochloric  add  gas  in  a  connected 
wash-bottle.  The  contents  of  the  two  vessels  are  then  titrated 
with  standard  alkali  solution.  The  objection  to  this  method  is 
that  the  end  of  the  titration  reaction  is  very  indefinite  and  inde- 
terminate, due  to  a  secondary  reaction.  (See  **Grundlinien  der 
anorganischen  Chemie,**  Ostwald,  pp.  433-436.) 


THE  REDUCTION,  IN  AN  ALKALINE  SOLUTION,  OF  2,4,5- 
TRIMETHYLBENZALAZINE  AND  THE  PREPARA- 
TION OF  SOME  DERIVATIVES  OF  THE 
REDUCTION   PRODUCTS. 

By  Everhart  Pbrcy  Harding. 

Received  Septemb«r  9,  1901. 

THE  experimental  part  of  this  paper  was  'carried  out  in  the 
chemical  laboratory  at  the  University  of  Heidelberg  under 
the  supervision  of  Prof.  Curtius,  and  a  short  abstract  of  it  has 
already  been  published  in  the  July,  1900,  number  of  the  Journal 
fur  prakHsche  Cketnie, 

The  formation  of  azines  by  the  condensation  of  aromatic  alde- 
hydes with  hydrazine  and  their  reduction  in  an  acid  or  alkaline 
solution  is  a  comparatively  new  line  of  work  and  the  investiga- 
tion along  this  line  has  largely  been  done  by  Prof.  Curtius  and 
his  students  at  the  University  of  Heidelberg. 

2^4.^'  Trimethylbemalazine  ^ 
(CH,)3C,H,CH:N.N:CHCeH,(CH3)„  yields  different  reduction 
products,  the  kind  depending  upon  the  quality  of  the  reducing 
agent  used  and  the  degree  of  the  reduction.  Curtius  and  Fran- 
zen,^  by  reducing  in  an  acid  solution,  using  zinc  dust  and  acetic 
acid,  obtained  2,4,5-trimethyldibenzylamine,  a  solid  substance 
melting  at  78®  and  insoluble  in  water.  The  reaction  may  be 
represented  by  the  equation 

(CH,),C.H,CH:N.N:CHC,H,(CH,).  +  3H,  = 

(CH,)jCjH,CH,v 

>NH  +  NH.. 
(CH,),CeH,CH/ 
2,4,5-Trimethyldibeiizylamiiie 

part  of  the  nitrogen  being  reduced  to  ammonia. 

By  reducing  2,4,5-trimethylbenzalazine  in  an  alkaline  solution, 
using  sodium  amalgam  as  a  reducing  agent,  two  reduction  prod* 

'  Ber.  d.  them.  Ges.^  4,  1901. 
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ucts  were  obtained,  the  kind  depending  upon  the  degree  of  reduc- 
tion —  one  a  2,4,5-trimethylbenzal-2,4,5-trimethylbenzylhydra- 
zone,  (CH,),CeH,CH,NH.N  :CHC,H,(CH,)3,  produced  by  apartial 
reduction,  the  other  a  symmetrical  2,4,5-trimethyldibenzylhydra- 
zine,  (CH,),C,H,CH,.NH.NH.CH,C,H,(CH,),,  produced  by  a 
complete  reduction.  The  reactions  may  be  represented  by  the  fol- 
lowing equations: 

(CH,),C,H,CH:N.N:CHC.H,(CH3),  +  H,  -- 

(CH,),CeH,CH,.NH.N:CHCeH,(CH,), 
2,4,5-triniethylbenzal-2,4,5-trimethylbenrylhydrazone 
and 

(CH.),CeH,CH:N.N:CH.C,H,(CH,)3  +  2H,= 

( CH, )  ,C.H,CH,.  NH .  N  :CH .  C.H,  (CH,).. 
Symmetrical  2,4,5-trimethyldibenzylhydFazine. 

The  symmetrical  hydrazine  may  be  obtained  also  from  the  hydra- 
zone  by  a  further  reduction. 

(CH,)3C.H,CH,.NH.N:CH.C,H,(CH,),H-.H,= 

(CH3),C,H,CH,.NH.NH.CHAH,(CH,),. 

Bach  of  these  reduction  products  is  a  solid  substance  and  com- 
paratively unstable. 

The  azines  are  aliphatic  compounds,  derivatives  of  the  hypo- 
thetical azimethylene  — CH.N.N.CH — ,  and  by  a  partial  re- 
duction one  would  expect  a  symmetrical  reduction  product — either 
a  hydrazymethylene  derivative,  =CH.NH.NH.CH=,  in  which 
the  valence  of  nitrogen  has  changed  from  III  to  V  or  an  azo- 
methane  derivative  corresponding  to  the  aromatic  azo  compounds 
and  having  the  general  formula  R — CH,.N:N.CH, — R.  But 
this  is  not  the  case  as  is  evidenced  by  the  decomposition 
products  which  show  an  unsymmetrical  reduction,  the  com- 
pounds having  the  general  formula  R — CHj.NH.NiCH — R.  By 
hydrolyzing  the  hydrazones  with  dilute  hydrochloric  add  they 
form  an  aldehyde  and  a  substituted  hydrazine,  which  reaction  is 
best  explained  by  the  hydrazone  or  unsymmetrical  formula 

RCH3.NH.N:iCHR 

The  formation  of  but  one  acetyl  or  benzoyl  derivative  favors 
the  presence  of  but  one  imide  group  or  one  methylene  group  as 
exist  in  the  unsymmetrical  hydrazone  while  the  two  imide  groups 
in  the  assumed  hydrazimethylene  derivative  or  the  two  methylene 
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groups  in  the  assumed  azimethane  derivatives  would  make  a  di- 
acetyl  or  dibenzoyl  derivative  probable. 

The  symmetrical  hydrazines  produced  by  a  complete  reduction 
of  the  azines  in  an  alkaline  solution  are  also  aliphatic  com- 
pounds;  derivatives  of  hydrazomethane,  R — CH,NH.NH.CH,— R, 
which  correspond  to  the  aromatic  hydrazo  compounds 
R — NH.NH— R.  The  latter  are  easily  reduced  to  primary 
amines  while  the  former  are  stable  in  an  alkaline  solution.  No 
attempt  has  been  made  to  reduce  the  symmetrical  hydrazine  in 
an  acid  solution  but  the  probability  is  that  in  the  preparation  of 

R — ^^jv 
the  secondary  amines  yNH,  by    the  reductipn  of  the 

R— CH/ 
azines  in  an  acid  solution,  the  symmetrical  hydrazine  forms  as  an 
intermediate  product  and  then  reduces  further  to  one  molecule  of 
ammonia  and  one  molecule  of  a  secondary  amine  instead  of  to 
two  molecules  of  a  primary  amine  as  do  the  aromatic  hydrazo 
compounds,   the  final  reaction   taking  place   according  to  the 

« 

equation 

R— CH,v 
R— CH,.NH.NH.CH,— R  +  H,  =  NH,  +  >NH, 

R— CH/ 
instead  of  the  equation 

R— CH,.NH.NH.CH,— R  +  H,  =  2RCH,NH,. 
To  make  2,4,5-trimethylbenzal-2,4,5-trimethylbenzylhydrazoue, 

CH3  CH, 

I  I 

""      "\  /— \ 

CH,>  >CH,.NH.N:Ch/  >CH„ 


I 
CH,  CH, 

10  grams  of  2,4,5-trimethylbenzalazine  were  placed  in  a  round 
bottomed  flask,  of  i  liter  capacity,  which  was  provided  with  a  re- 
flux condenser.  This  was  dissolved  in  700  cc.  of  95  per  cent, 
alcohol  by  boiling  vigorously  on  a  water-bath.  To  the  solution 
which  was  kept  at  the  boiling-point  of  the  alcohol  there  was 
added,  intermittently,  aliquot  parts  of  300  grams  of  sodium  amal- 
gam, more  than  a  sufficient  amount  to  reduce  the  azine  to  the 
hydrazone.     After  an  interval  of  four  hours  the  amalgam  had 


832  BVBRHART  PERCY  HARDING. 

become  spent  and  the  solution  nearly  colorless,  maintaining  a 
slight  turbidity.  The  mercury  and  impurities  were  filtered  off 
and  the  filtrate  placed  in  a  refrigerator.  In  twelve  hours'  time 
4  grams  of  a  flaky,  white,  crystalline  substance  had  separated 
out,  which  was  filtered  ofiF  and  well  washed  with  water.  Prom  a 
dilute  alcoholic  solution,  needle-like  crystals  formed,  while  from  a 
concentrated  alcoholic  solution  the  crystals  grouped  themselves 
in  the  form  of  tufts  which  melted  at  134^. 

An  analysis  gave : 

Theoretical.  Fonnd. 

Per  cent  Per  cent. 

«  Carbon 81.63  ^^-^5 

Hydrogen 8.57  8.84 

Nitrogen 9.36  9.53 

The  molecular  weight,  determined  by  the  depression  of  the 
freezing-point  method,  was  found  to  be  311  and  309.7  as  against 
294  the  theoretical  molecular  weight.  The  hydrazone  is  very 
soluble  in  ether  and  ligroin,  less  soluble  in  alcohol  and  acetic 
add,  and  insoluble  in  water.  On  exposure  to  the  air  it  soon  de- 
composes, assuming  a  yellow  color  and  emitting  an  odor  of 
pseudocumylaldehyde.  It  is  unstable  in  an  exhausted  desiccator 
and  is  readily  decomposed  by  the  action  of  steam  or  hydrochloric 
acid. 

The  replaceable  imide  hydrogen  atom  makes  substitution  prod- 
ucts possible.  The  acetylbenzoyl  and  nitroso  groups  form  the 
corresponding  stable  and  characteristic  compounds. 

2,4, 5-Trimethylbenzalacetyl-  2 , 4, 5-trimethylbenzylhydrazone, 

CH,  CH3 


CH,^  ')CH,N(COCH,)N:CH  /CH,, 


V 


CH,  CH, 

was  formed  by  treating  a  concentrated  and  hot  alcoholic  sdution 
of  the  hydrazone  with  an  excess  of  acetic  anhydride  and  the  ex- 
cess evaporated  off  on  a  water-bath.  Recrystallized  from  alcohol 
the  long  fine  needles  melted  at  184^.     An  analysis  gave : 
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Theoretical.  Pound. 

Per  cent.  Per  cent 

Carbon 78.57  78.50 

Hydrogen 8.33  8.36 

Nitrogen 8.34  8.54 

Oxygen    4.76  4.60 

It  is  soluble  in  the  organic  solvents  and  insoluble  in  water. 
The  benzoyl  derivative, 

CH,  CH, 


/  \  /-         ^ 

CH,<  \  CH,N(COC,H5)N:CH  <"  >CH,. 

\ /  \ / 

I  I 

CH,  CH, 

2,4,5-Trimethylbenzalbenzoyl-2»4,5-triniethylbenzylhydrazone. 

was  easily  prepared  by  the  Schotten-Baumann  reaction.     An 
analysis  gave : 

Theoretical.  Pound. 

Per  cent.  Per  cent. 

Carbon 81.41  81.48 

Hydrogen 7.54  8.11 

Nitrogen 7.03  6.89 

Oxygen 4,02  3.52 

It  crystallizes  from  alcohol  in  fine  needle-like  crystals  which 
melt  at  187^.  It  is  soluble  in  the  organic  solvents  and  insoluble 
in  water. 

The  nitroso  derivative, 

CH,  CH, 


\ 


CH,\  /  CH,N(NO)N:CH  <  /CH„ 


I  I 

CH,  CH, 

2,4, 5-Trimethylbenzalnitro6o-2, 4, 5-trimethylbenzy  Ihydrazone. 

was  prepared  by  adding  to  an  ice-cold  mixture  of  alcohol  and 
hydrazone,  concentrated  hydrochloric  add,  drop  by  drop,  until 
the  hydrazone  dissolves.  An  ice-cold  concentrated  solution  of 
sodium  nitrite  was  then  gradually  added.  A  yellow  crystalline 
substance  separated  at  once,  which  increased  upon  the  addition 
of  water  to  the  solution.    The  precipitate  was  filtered  off  and 
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well  washed  with  water  to  remove  excess  of  sodium  nitrite.    Re- 
crystallized  from  alcohol,  the  yellow  needles  melted  at  ii8°. 
An  analysis  gave  : 

Theoretical.  Pound. 

Per  cent.  Per  cent. 

Carbon 74.31  74.13 

Hydrogen 7.74  8.27 

Nitrogen 13.00  13.28 

Oxygen 4.95  3.32 

The  nitroso  derivative  is  soluble  in  the  organic  solvents  and 
insoluble  in  water.  It  decomposes  with  concentrated  sulphuric 
add  assuming  a  red  color  which  disappears  upon  the  addition  of 
water  and  emits  at  the  same  time  an  odor  of  aldehyde.  By  treat- 
ing an  alcoholic  solution  of  the  nitroso  compound  with  dried 
hydrochloric  acid  gas  and  placing  the  partially  evaporated  alco- 
holic solution  in  a  refrigerator,  crystals  separated  which  melted 
at  155*^-156®.  This  compound  appeared  to  be  a  hydrochloride 
of  the  nitrosohydrazone,  for  by  treating  it  with  sodium  hydroxide 
it  formed  the  hydrazone  melting  at  134*^  and  by  treating  with 
sodium  nitrite  it  formed  again  the  nitroso  compound  melting  at 
118*^.  In  preparing  the  nitroso  compound,  the  temperature  must 
be  kfept  near  the  freezing-point  or  the  derivative  will  decompose. 

The  hydrazone  is  a  weak  base.  With  dilute  organic  acids  it 
forms  addition  products,  the  molecule  remaining  intact  at  the 
double  bond.     With  picric  acid  it  forms  a  hydrazone  picrate. 


CHs  CH;j  OH 

I  '  I 

NO,^ 


CHjO  7CH,.NH.N:CH(  CH, 


NO, 


■■^^ 


I  I 

CH3  CH,  NO, 

2,4 ,5-Trimethy  lben2al-2 , 4, 5-trimethylbenzylpicrate. 

The  picrate  is  formed  by  adding  a  concentrated  alcoholic  solu- 
tion of  picric  acid  to  an  alcoholic  solution  of  freshly  prepared 
hydrazone.  Upon  the  addition  of  water  a  yellow  flaky  precipitate 
formed,  which  crystallized  from  ether  in  yellow  needles  which 
melted  at  169*^.     An  analysis  gave : 

Theoretical.  Pound. 

Per  cent.  Per  cent. 

Carbon 

Hydrogen . : 

Nitrogen 

Oxygen 


59.66 

59.73 

5.54 

5.16 

13.39 

13.52 

21.41 

21.59 
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The  picrate  is  insoluble  in  water  and  difficultly  soluble  in  the 
organic  solvents. 

Curtius  and  his  students^  succeeded  in  preparing  from  benzal- 
benzylhydrazone,  4-methylbenzal-4-methylbenzylhydrazone  and 
2,4-dimethylbenzal-2,4-dimethylbenzylhydrazone,  respectively, 
the  corresponding  tetrazones,  by  oxidizing  with  mercuric  oxide. 

2,4,5-Trimethylbenzal-2,4,5-trimethylbenzylhydrazone  failed 
to  give  a  corresponding  tetrazone. 

CH,  CH, 

^1  I 


CH,\  ;CH,.N.N:CH/^  ,>CH, 


CH, 

CH. 


^         ■'  - ./ 

I 

CH. 
CH, 

! 

QS.A  ;CH,.N.N:CH<  >CH, 

\     /  A     -f 


CH,  CH, 

3,4,5-Triniethylbenzal-a,4,5-trimethylbeiizyltetnzone. 

Several  trials  were  made  modifying  the  method  of  the  forego- 
ing investigator  but  either  the  unchanged  hydrazone  remained  or 
2,4,5-trimethylbenzalazine  was  formed.  It  is  assumed  that  the 
tetrazone  may  have  formed  as  an  intermediate  product  which 
oxidized  at  once  to  the  azine  according  to  the  following  equations: 

(CH,),C,H,CH,.NH.N:CH.C,H,(CH,),  +  HgO  = 

(CH.),C.H,CH,N.N:CHC,H.(CH,), 

I  +  H,0  +  Hg. 

(CH,),C,H,CH,N.N:CHC.H.(CH,), 

(CH,),C,H.CH,.N.N:CHC,H,(CH,), 

I  H-HgO  = 

(CH,),C,H.CH,.N.N:CHC.H,(CH,), 

2(CH,),C,H,CH:N.N:CHC.H,(CH,),  +  H,0  +  Hg. 

2,4,5-trimethylbenzalazine. 

By  the  action  of  dilute  hydrochloric  acid  the  hydrazone  hydro- 
lyzes  into  2,4,5-trimethylbenzaldehyde, 

»  J.  prakt.  Chem.,  N.  F.,  6j,  (19B0). 
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CH, 

I 


/  \ 

CH,^  />COH. 


I 


CH, 

and  2,4,5-trimethylbenzalhydrazine  hydrochloride, 

CH, 


/ 


CH,/  \CH,NHNH,.HC1, 


CH, 

In  preparing  the  hydrazine  hydrochloride,  4  grams  of  the  hy- 
drazone  were  treated  in  a  round-bottomed  flask  with  150  cc  of 
water  and  10  cc.  of  dilute  hydrochloric  add.  Steam  was  then 
condiicted  through  the  solution  ;  an  oil-like  substance  distilled 
over  which  had  the  odor  of  pseudocumyl  aldehyde  and  which 
formed  a  condensation  product  with  hydrazine  hydrate  that 
melted  at  180^,  the  melting-point  of  2,4,5-trimethylbenzalazine. 
The  hot  residue  in  the  flask  was  filtered  and  the  filtrate  distilled 
in  a  vacuum.  The  residue,  recrystallized  from  alcohol,  melted  at 
240^.     An  analysis  gave : 

Theoivtical.  Pound. 

Per  cent.  Per  cent. 

Carbon 59.85  59.78 

H;^drogen 8.51  8.47 

Nitro^^en 14.11  13-97 

Chlonne 17.60  17.71 

The  hydrochloride  is  a  very  stable  compound.     It  is  soluble  in 
water  and  insoluble  in  ether. 
The  free  base  2,4,5-trimethylbenzylhydrazine, 

CH, 


CH,^  /CH,NHNH„ 
/ 


CH, 
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was  prepared  from  the  hydrochloride  by  the  action  of  caustic 
potash.  Four  grams  of  the  hydrochloride  and  an  excess  of  caustic 
potash  were  placed  into  an  Krlenmeyer  flask.  A  few  drops  of 
water  were  added  and  subsequently  50  cc.  of  ether.  The  flask 
was  provided  Mrith  a  soda-lime  tube  to  protect  the  base  from  the 
moisture  and  carbon  dioxide  of  the  atmosphere.  The  flask  was 
shaken  at  times  so  as  to  bring  the  hydrochloride  in  contact  with 
the  potash.  After  twenty-four  hours  the  ether  was  separated  from 
the  water  layer  and  dried  with  fused  caustic  potash.  The  ether 
was  then  evaporated  and  the  residue  distilled  in  a  vacuum.  At  25 
mm.  pressure  the  base  distilled  over  at  165*^  as  a  colorless  oil, 
which  solidified  upon  cooling.  It  is  very  unstable,  decomposing 
at  once  when  exposed  to  the  air.  An  analysis  gave  16.89  P^^ 
cent,  nitrogen  as  against  17.08  theoretical  per  cent.  Upon  stand- 
ing three  days  in  a  desiccator,  an  analysis  gave  but  5.8  per  cent, 
nitrogen.  It  began  to  melt  at  78®,  and  at  85®  there  began  a  rapid 
evolution  of  nitrogen. 

The  base  forms,  with  benzaldehyde  benzal-2 ,4, 5-trimethylbenzyl- 
hydrazone,  a  very  unstable  compound  which  melts  at  89*^-90®, 
and  which  dissolves  in  the  organic  solvents.  It  was  formed  by 
adding  benzaldehyde  to  the  free  base  and  then  rubbing  the  walls 
of  the  beaker  with  a  glass  rod.  It  was  purified  by  crystallizing 
from  alcohol. 

With  pyroracemic  add  the  base  forms  2,4,5-trimethylbenzyl- 

hydrazonepyroracemate, 

• 

CH, 
J 


CH,<  >CH,.NH.N:C< 


OOH 


CH, 


a  white  crystallized  substance  which  melted  at  92°.  It  was  pre- 
pared by  adding  an  excess  of  pyroracemic  add  to  the  hydrochlo- 
ride of  the  base.  An  oil  immediately  formed  which  settled  to 
the  bottom  of  the  flask  and  then  crystallized.  An  analysis  gave 
11.79  per  cent,  of  nitrogen  as  against  11.97  theoretical  per  cent. 
It  is  soluble  in  water  and  the  organic  solvents. 

The    base,    2,4,5-trimethylbenzylhydrazine,    forms    addition 
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products.  With  phenyl  mustard  oil  it  forms  2,4,5-trimethyl- 
benzy  Iphenylthiosemicarbazide , 

CH, 

i 
I 

CH,  CH.NHNHv 

^    >C:S, 

j  c,h,nh/ 

CH, 

white  hair-like  crystals  which  melt  at  i67°-i6&*^.  It  was  pre- 
pared by  adding  to  an  alkaline  solution  of  the  base  an  excess  of 
phenyl  mustard  oil,  and  then  warming  the  solution.  By  warm- 
ing at  too  high  a  temperature  or  with  an  excess  of  alkali  the 
thiosemicarbazide  decomposed  and  a  black  lustrous  crystalline 
substance  formed.     An  analysis  gave  : 

Ponnd. 
Theoretical.  I.  11. 

Nitrogen 14.09  14.42  14.23 

It  is  soluble  in  ethyl  alcohol,  methyl  alcohol,  ether,  benzene, 
and  acetic  acid.     It  is  difficultly  soluble  in  ligroin  and  water. 

With  hydrocyanic  add,  the  base  forms  2,4,5-trimethylbenzyl- 
semicarbazide, 

CH, 

I 

CH,;  XH,NHNrfv 

I nh/ 

CH, 

white  needle-like  crystals  which  melt  at  174*^-175*^.  It  was  pre- 
pared by  adding  to  the  hydrochloride  a  solution  of  potassium 
cyanate  and  crystallizing  from  alcohol.     An  analysis  gave : 

Theoretical-  Pound. 

Per  centf  Per  cent. 

Nitrogen 20.29  ^0.47 

It  is  easily  soluble  in  ethyl  alcohol,  methyl  alcohol,  acetic  add, 
and  benzene.  It  is  difficultly  soluble  in  water  and  insoluble  in 
ether  and  ligroin. 

With  picric  acid  2,4,5-trimethylbenzylhydrazine  forms  2,4,5- 
trimethylbenzylhydrazine  picrate. 
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CH,  OH 


^  NO,  '  \N0. 

CH,  ;  >  CHjNHNH,.  i 

\  '  'I 


.      CH,  NO, 

This  addition  product  crystallizes  in  yellow  needles  which  melt 
at  163®.  In  its  preparation  an  ether  solution  of  picric  add  was 
gradually  added  to  a  water  solution  of  the  hydrochloride.  The 
picrate  formed  at  once  as  yellow  crystals  at  the  contact  point  of 
the  two  layers.  By  adding  an  ether  solution  of  picric  add  to 
a  warm  solution  of  the  hydrochloride,  the  picrate  formed  as  an  oil, 
which  settled  to  the  bottom  of  the  flask  and  subsequently  crys- 
tallized.    An  analysis  gave : 

Theoretical.  Pound. 

Per  cent.  Per  cent. 

Nitrogen 17.81  17.64 

It  is  difficultly  soluble  in  warm  water  and  insoluble  in  ligroin 
and  benzene. 

Preparation  of  symmetrical  2,4,5-trimethyldibenzylhydrazine, 

CH,  CH, 


CH,  CH.NHNHCH,  CH,. 


CH,  CH, 

As  has  previously  been  given,  2,4,5-trimethylbenzal-2,4,5-trimeth- 
ylbenzylhydrazone  was  formed  by  a  partial  reduction  of  2,4,5- 
trimethylbenzalazine.  By  a  further  reduction  of  the  hydrazone 
or  a  stronger  reduction  of  the  azine  solution  the  symmetrical 
2,4,5-trimethyldibenzylhydrazone  was  formed.  In  the  prepara- 
tion of  this  compound  10  grams  of  2,4,5-trimethylbenzalazine 
were  dissolved  in  500  cc.  of  95  per  cent,  alcohol.  To  this 
warm  solution  in  a  round-bottomed  flask  provided  with  a  re- 
flux condenser  was  added,  at  times,  aliquot  parts  of  300  grams  of 
a  4  per  cent,  sodium  amalgam.  The  solution  was  kept  on  a 
water-bath  at  the  boiling-point  of  the  alcohol  for  six  hours  dur- 
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ing  which  time  the  amalgam  was  added.  The  mercury  and  im- 
purities were  filtered  off  and  the  filtrate  cooled  in  a  refrigerator. 
Two  grams  of  the  hydrazone  separated  out.  This  was  filtered 
off  and  the  cold  filtrate  treated  with  cold  concentrated  hydrochlo- 
ric acid.  A  voluminous  precipitate  formed  which  increased  by 
the  addition  of  water.  This  was  rapidly  filtered  off,  washed  well 
with  water  and  its  dilute  alcoholic  solution  treated  with  sodium 
hydroxide.  A  voluminous  precipitate  formed  which,  when  re- 
crystalHzed  from  alcohol,  melted  at  128°.     An  analysis  gave: 

Theoretical.  Fomid. 

Per  cent.  Per  cent. 

Nitrogen .' 9.46  9.47 

The  molecular  weight  by  the  depression  of  the  freezing-point 
method  gave: 

Pound. 
Theoretical.  I.  II. 

Mol.  wt 296  305-7  321 

The  free  base  cannot  be  obtained  directly  from  the  filtrate  from 
the  hydrazone.  By  evaporating  the  filtrate,  the  dibenzylhydra- 
zine  is  oxidized  to  the  hydrazone  and  by  the  addition  of  water  to 
the  filtrate  the  hydrazine  decomposes.  It  is  very  unstable.  It 
soon  becomes  a  yellowish  white,  emitting  an  odor  of  2,4,5-111- 
methylbenzaldehyde. 

The  molecular  weights  and  melting-points  of  the  hydrazone 
and  dibenzylhydrazine  vary  but  little.  It  was  by  means  of  the 
hydrochloride  of  the  dibenzylhydrazine  that  it  was  possible  to 
distinguish  between  the  two  compounds.  The  hydrazone  forms 
no  hydrochloride  but  decomposes,  yielding  2,4,5-trimethylbeiizal- 
dehyde  and  2,4,5-trimethylbenzylhydrazine  while  the  dibenzyl" 
hydrazine  forms  a  stable  and  characteristic  hydrochloride  which 
melts  at  ^171*^.  In  an  alcoholic  solution  it  soon  decomposed,  and 
by  boiling  the  solution  almost  immediately. 

2,4,5-trimethyldibenzylhydrazine,  as  was  pre\nously  given,  is  an 
aliphatic  compound,  a  symmetrical  derivative  of  hydrazimethane, 
CHjNH.NHCH,,  corresponding  to  the  hydrazo  compounds  of  the 
aromatic  series.  The  aromatic  hydrazo  compounds  oxidize  ver>' 
readily,  the  colorless  hydrazobenzene  oxidizing  in  a  very  short 
time  to  the  red  azobenzene  by  means  of  atmospheric  oxygen. 
The  corresponding  aliphatic  hydrazi  compounds  also  oxidize 
readily  but  do  not  form  the  corresponding  azo  compounds.  They 
form  either  symmetrical  tetrazones  with   the   general   formula 
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=  N.N:N.N  ==,'  or  oxidize  first  to  the  corresponding  hydrazone 
and   then  to  the  unsymmetrical   tetrazone    with    the    general 

—  N— N:" 

formula        |  ,  or  to  the  azines  with  the  general  formula 

—  N— N: 

—  CH:N.N:CH — .'  Curtius  and  Franzen'  succeeded  in  oxidi- 
zing dibenzylhydrazine,  C,H,CH,.NH.NH.CH,C,H„  todibenzyl- 
tetrazone  and  gave  it  the  formula 

C.HjCHjv  yCHjCjHj 

>N.N:N.N<; 

c.h,ch/  '^ch,c,h, 

Curtius  and  Propfe  attempted  to  obtain  the  symmetrical  4-meth- 
yldibenzyltetrazone,  (CH,CeH,CH,),N.N:N.N(CH,CeH4CH,)„ 
by  oxidizing  symmetrical  4-methyldibenzylhydrazine, 

CH,C,H,CH,.NH.NH.CH,C.H4CH„ 

but  succeeded  in  obtaining  the  uns3nnmetrical  4-methylbenzal- 
^'  methylbenzyltetrazone, 

CH,C,H,CH,.N.N:CHC.H,CH, 


CH,C,H,CH,.  N.  N  :CHC,H,CH, 

Likewise  Curtius  and  Haagar/  in  attempting  to  oxidize  2,4-di- 
ithyldibenzy  Ihydrazine ,  (  CH,)  ,C,H,CH,NHNHCH,C.H,(  CH, ) , 

to  the  symmetrical  tetrazone,  obtained  the  uns3'mmetrical  2,4-di- 

methylbenzal-2,4-dimethylbenzyltetrazone, 

(CH,),C.H,CH,.N.N:CHC.H,(CH,), 


(CH,)AH,CH,.N.N:CHC.H,(CH,), 

Neither  the  symmetrical  nor  unsymmetrical  tetrazone  could 
be  isolated  by  oxidizing  symmetrical  2,4,5-trimethyldibenzyl- 
liydrazine  with  mercuric  oxide.  Either  or  both  of  these  com- 
pounds may  have  formed  as  intermediate  products  but  the  only 
<x>nixx>und  that  could  be  isolated  after  the  oxidation  was  2,4,5- 
trimethylbenzalazine. 

Schmidt  and  Schulz^  succeeded  in  substituting  two  acetyl 
groups  for  the  two  imide  hydrogen  atoms  in  the  aromatic  hydra- 
xobenzene,  thus  forming  a  diacetyl  derivative, 

^  Ser.  d.  ckem.Ges.,  4,  1901. 

^  J.  prakt.  Chem.,  N.  F.,  6a,  (1900). 

•  B^r.  d.  chem.  Ges.,  (1900). 

^  J. prakt,  Chem.,  N.  F.,  6a,  (1900). 

*  Attn.  Chem.  (I^iebig),  J07,  327. 
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(COCH,) 


C,H,N~N-C.H,. 

(COCH.) 

The  diacetyl,  dibenzoyl,  and  dinitroso  derivatives*  of  dibenzyl- 
bydrazine  have  been  prepared.  Also  the  dibenzoyl  derivative" 
of  4-methyldibenzylhydrazine  and  the  diacetyl  derivative*  of  2,4- 
dimethyldibenzylhydrazine. 

None  of  the  corresponding  diderivatives  of  2,4,5-trimethyldi- 
benzylhydrazine  have  been  prepared.  In  every  trial  a  mono- 
derivative  of  2,4,5-trimethylbenzal-2,4,5-trimethylbenzylhydra- 
zone  was  formed.  It  is  assumed  that  the  symmetrical  hydrazine 
was  oxidized  to  the  hydrazone  according  to  the  equation 

H 

/ 

(CH,),C,H,CH,NHNiHlC|H!CeH,(CH,),= 

+  io      I 

(CH,),C«H,CH,NHNCHC.H,(CH,),+  H,0. 
and  that  then  a  hydrogen  atom  of  the  imide  group  was  replaced 
by  one  of  the  substituting  radicals. 
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PART  I. 

REVIEW  OF  THE  WORK  OF  PREVIOUS  INVESTIGATORS. 

THE  purpose  of  this  article  is  to  call  attention  to  the  present 
condition  of  our  knowledge  concerning  colloids  by  coordi- 
nating some  of  the  facts  and  conceptions  which  have  resulted 
from  the  work  of  various  investigators  in  this  field,  and  to  append 
thereto  a  contribution  to  the  subject,  the  result  of  recent  experi- 
ments of  our  own  together  with  a  fairly  complete  index  to  the 
literature.  It  is  hoped  that  the  significance  of  this  subject  and 
its  probable  importance  in  connection  with  biological  chemistry 
in  its  widest  significance,  as  well  as  its  claim  to  general  chemical 
interest,  may  be  brought  more  fully  to  the  attention  of  chemists. 

Any  discussion  of  the  subject  which  considers  its  history  must 
begin  with  a  reference  to  the  work  of  Graham.     He  distinguished 

1  J.prakt.  Chem.y  N.  F.,  6a  (1900). 
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a  new  class  of  substances  which  exhibit  little  or  no  chemical 
affinity,  which  do  not  crystallize,  which  dissolve  in  various  sol- 
vents apparently  without  any  limiting  solubility  therein,  which 
exhibit  little  or  no  tendency  to  diffuse  when  in  solution,  and  which 
may  be  filtered  from  their  solutions  by  animal  membranes  or 
parchment.  These  substances  also  exhibit  the  property  of  gelati- 
nization  or  coagulation,  the  change  often  being  spontaneous  or 
brought  about  or  catalyzed  simply  by  the  presence  of  acids,  salts, 
«tc.  Graham  gave  the  name  colloid  to  this  class  of  substances  and 
called  their  solutions  in  water,  alcohol,  etc. ,  hydrosols,  alcosols,  etc. , 
while  the  names hydrogel,  alcogel,  etc.,  were  given  to  the  coagu- 
lum.  He  recognized  that  both  organic  and  inorganic  substances 
•existed  in  these  forms,  and  there  were  thus  classified  together 
:snch  chemically  different  materials  as  silicic  acid,  ferric  hydroxide, 
and  gelatine. 

The  application  by  van't  Hoff  of  the  laws  of  gases  to  dissolved 
isubstances,  together  with  Arrhenius'  theory  of  dissociation, 
has  shown  us  the  probable  molecular  condition  of  many  sub- 
stances in  solution.  It  has  thus  become  often  only  necessary  to 
determine  the  electrical  conductivity  of  a  solution,  its  freezing- 
or  boiling-point,  its  vapor-pressure,  or  one  of  a  number  of  other 
properties,  to  learn  whether  the  solute  is  present  as  simple  mol- 
ecules, or  as  polymerized  or  dissociated  molecules.  The  extent 
of  this  association  or  dissociation  may  also  be  calculated. 

A  large  part  of  the  recent  literature  on  the  subject  of  colloids 
is  concerned  with  attempts  to  learn  the  condition  of  the  dissolved 
substance  by  some  of  the  methods  referred  to.  This  work  may 
be  briefly  summarized  by  stating  that  in  most  cases  the  conditions 
under  which  the  measurements  were  made  only  left  open  the  alter- 
native conclusions  that  there  was  no  substance  in  solution  in  the 
sense  that  ordinary  acids,  bases  and  salts  and  many  simple  or- 
ganic substances  dissolve,  or  the  dissolved  substance  was  pos- 
sessed of  an  exceedingly  high  molecular  weight  corresponding  to 
an  association  or  polymerization  not  easily  understood. 

Thus  Sabanejew  (30)*  by  means  of  freezing-point  determina- 
tions is  forced  to  attribute  a  molecular  weight  of  over  100,000  to 
silicic  acid  in  the  hydrosol,  while  experiments  by  Gladstone  and 
Hibbert  (27)  similarly  lead  to  the  conclusion  that  the  molecular 
weights  of  ferric  hydroxide  and  aluminum  hydroxide  in  solution 

I  Sodk  fignres  refer  to  the  references  at  the  end  of  this  article. 
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exceed  5,000.  It  may  be  true  that  molecules  of  such  magnitude 
exist  in  solution  and  that  to  them  may  be  ascribed  all  the  func- 
tions of  simple  dissolved  molecules,  but  in  the  absence  of  proof 
that  such  is  the  case  it  will  probably  be  more  fruitful  to  follow 
the  plan  of  several  modern  investigators  (116,  49,  35,),  and  con- 
sider the  colloid  solutions  as  simple  suspensions  of  otherwise 
insoluble  material.  With  this  in  view  the  first  step  is  naturally 
to  compare  so-called  colloidal  solutions  with  what  are  known  to 
be  simple  suspensions  or  heterogeneous  mixtures.  If  a  hydrosol 
resembles  a  mixture  of  sand  and  water  in  which  the  sand,  because 
of  its  degree  of  fineness,  does  not  settle,  then  the  two  ought  to 
have  other  common  properties.  Such  is  actually  the  case,  and  it 
may  be  truly  said  that  the  hydrosols  possess  only  those  properties 
which  would  naturally  be  ascribed  to  them  if  they  were  regarded 
as  suspensions  of  finely  divided  insoluble  substances. 

It  would  be  impracticable  here  to  consider  in  detail  the  hundreds 
of  different  colloids  thus  far  studied,  but  a  cursory  view  of  the 
methods  of  their  production  will  call  attention  to  the  following 
general  principle  :  when  any  substance  is  produced  within  a  liquid 
in  which  it  is  insoluble,  it  will,  at  least  temporarily,  exist  there  in 
the  so-called  colloidal  state  ;  but  this  colloidal  state  is  rapidly  de- 
stroyed by  the  presence  of  electrolytes. 

A  clearer  idea  of  the  value  of  what  follows  will  be  gained  if  one 
recognizes  at  this  point  the  probable  necessity  of  attributing  elec- 
trostatic charges  to  particles  of  any  kind  when  suspended  in 
a  liquid,  and  of  assuming  that  these  charges,  while  they  may  be 
positive  or  negative  for  different  kinds  of  suspended  matter,  must 
still  be  of  the  same  sign  for  all  particles  of  the  same  substance. 
It  is  known  that  two  different  substances  in  contact  assume  equal 
and  opposite  electrostatic  charges  at  their  contact  surfaces,  and 
the  work  of  Quincke,  Coehn,  and  others  has  brought  to  light  the 
regularities  of  this  phenomenon. 

Suspended  particles  of  finely  divided  sulphur,  silica,  etc.,  in 
water,  exhibit  negative  charges  exactly  as  larger  masses  of  the 
same  substance  in  contact  with  water  do,  and  when  the  suspensicm 
is  placed  between  two  electrodes  connected  with  a  source  of 
electromotive  force,  the  particles  all  migrate  in  the  direction  of 
the  negative  current.  Conversely  too,  water  in  capillary  tubes 
made  of  such  materials  as  charge  themselves  negatively  in  contact 
with  it,  moves  with  the  positive  electricity  through  the  capillary 
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under  the  influence  of  the  electric  current.  Similarly,  particles 
suspended  in  turpentine  assume  in  most  cases  the  opposite  charge 
as  compared  with  the  water,  and  under  influence  of  the  electric 
current  move  in  the  opposite  direction. 

Coehn  (99)  was  led  to  conclude  that  a  substance  having  a 
higher  dielectric  constant  than  the  liquid  in  which  it  is  suspended 
assumes  the  positive  charge,  while  if  of  lower  dielectric  constant 
its  charge  is  negative.  It  is  probable  that  this  does  not  alone 
determine  the  nature  of  the  charge,  which  at  least  in  many  cases 
must  depend  also  on  electrolytic  solution  pressure  and  the  parti- 
tion coefficient  for  the  ions  of  dissolved  electrolyte  between  the 
suspended  material  and  the  liquid  (123). 

We  seem  forced  then  to  recognize  electrostatic  charges  on  sus- 
pended particles,  and  it  seems  just  as  necessary  to  accept  the 
conclusion  that,  as  a  result  of  these  charges,  suspended  par- 
ticles, whose  masses  are  small  enough,  are  equally  distributed 
throughout  the  liquid  and  prevented  from  ever  coalescing  or 
settling  because  of  the  mutual  repulsion  of  these  charges.  This 
mutual  repulsion  might  also  cause  measurable  osmose  and  corre- 
sponding osmotic  pressure,  properties  which  the  colloids  have  to 
a  slight  degree. 

The  following  illustrates  some  of  the  relations  between 
**sols*'  and  suspensions,  the  various  methods  of  producing  col- 
loidal solutions  or  hydrosols,  and  the  fact  that  absence  of  electro- 
lytes usually  insures  permanency  of  colloidal  state. 

If  an  aqueous  solution  of  a  silicate  be  treated  with  the  equiva- 
lent quantity  of  an  acid,  free  silicic  acid  and  a  salt  are  formed.  This 
silicic  acid  is  in  the  colloidal  state,  not  in  the  form  of  a  simple  dis- 
solved substance,  and  if  the  salt  present  is  not  very  dilute,  the  acid 
becomes  coagulated  or  exhibits  its  insolubility;  i,  e.,  the  particles 
of  suspended  acid  collect  together.  If  the  electrolyte  be  removed 
by  osmose  or  otherwise,  or  if  the  silicic  acid  be  made  by  such  a 
method  that  electrolytes  do  not  remain  in  the  solution,  the  hydrosol 
is  stable.  It  may,  however,  be  precipitated  at  any  time  by  the  addi- 
tion of  electrolytes.  For  example,  stable  silicic  acid  hydrosol  may 
be  made  by  treating  silicon  tetraethyl  with  water,  the  alcohol  re- 
sulting not  having  any  effect  on  the  silicic  acid.  This  remains  in 
the  "sol"  condition  indefinitely  but  is  precipitated  by  any  elec- 
trolyte (Grimaux  16).  Bredig  (83)  has  shown  that  a  great 
many  metals  may  be  produced  in  the  hydrosol  state  by  simply 


846  W.  R.  WHITNEY  AND  J.  E.  OBER. 

forming  an  electric  arc  under  water  between  terminals  of  the 
metal  desired.  The  heat  of  the  arc  volatilizes  the  metal  and 
the  vapors  condense  in  the  water,  yielding  deeply  colored  suspen- 
sions or  colloidal  solutions  which  often  do  not  settle  in  measurable 
time,  but  which  are  immediately  precipitated  by  even  traces  of 
most  electrolytes  and  are  not  affected  by  non-electrolytes. 

If  arsenic  or  antimony  sulphide  be  produced  by  the  action  of 
hydrogen  sulphide  on  aqueous  solutions  of  the  oxides  of  these 
metals,  there  is  at  no  time  any  considerable  concentration  of 
electrolytes  present  and  there  always  results  a  deeply  colored 
liquid,  from  which  nothing  is  separated  by  ordinary  filtra- 
tion. Linder  and  Picton  have  studied  these  hydrosols  and  have 
shown  that  very  low  concentration  of  electrol  j'tes  completely  pre- 
cipitate them.  Most  other  insoluble  sulphides  have  been  pro- 
duced in  the  hydrosol  state  and  have  shown  the  same  properties 
(Winnsinger  26). 

Sulphur  in  the  hydrosol  state  may  also  be  produced  by  the  mutual 
action  of  aqueous  solutions  of  sulphur  dioxide  and  hydrogen  sul- 
phide. The  sulphur  thus  formed  in  the  absence  of  electrolytes  is 
in  a  stable,  apparently  soluble  condition,  from  which  it  ispredpi- 
tated  by  the  presence  of  electrolytes  (Stingl  and  Morawsky  12). 
Selenium  also  undergoes  the  same  modification  by  analogous 
treatment  (Schulze  19). 

The  hydroxides  of  many  of  the  metals  may  be  made  as  hydro- 
sols  by  methods  which  involve  the  principle  above  stated.  A 
solution  of  ferric  hydroxide  in  aqueous  ferric  chloride  solution, 
when  subjected  to  osmose  to  remove  most  of  the  chloride,  yields 
a  colloidal  hydroxide  solution  which  is  stable,  but  is  precipitated  by 
most  electrolytes.  Grimaux  (16)  has  shown  that  by  the  reaction 
between  ferric  ethylate  and  an  excess  of  water,  stable  ferric 
hydroxide  hydrosol  is  produced.  Here  there  are  no  electrolytes 
present  like  those  which,  in  the  usual  metathetical  reaction  for 
the  production  of  such  compounds,  cause  a  coagulation  and  pre- 
cipitation of  the  insoluble  substance.  Other  hydroxide  hydro- 
sols  may  be  made  in  a  similar  manner. 

A  solution  of  one  part  of  egg  albumen  in  ten  or  more  parts  of 
pure  water  does  not  yield  any  visible  insoluble  matter  on  boiling, 
although  the  effect  of  the  heat  may  well  have  produced  the 
insoluble  material  which  more  concentrated  albumen  solution 
would  yield  when  similarly  treated.    This  solution  of  so-called 
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modified  or  alkali  albumen  is  capable  of  coagulation  or  precipita- 
tion by  electrolytes,  although  it  is  stable  in  their  absence 
(Hardy  131,  132). 

Several  purely  organic  colloids  have  been  synthetically  pro- 
duced by  Grimaux  (16)  and  by  Pickering  (69),  but  always  in  the 
absence  of  electrolytes  ;  moreover  electrolytes  easily  precipitate 
or  coagulate  them,  while  non-electrolytes  do  not.  There  are  pro- 
duced in  nature,  in  growing  plant  and  animal  cells,  many  colloids 
which  probably  owe  their  precipitation  or  deposition  toelectrol)rtes; 
this  fact  makes  the  study  of  the  properties  of  this  class  of  bodies 
of  the  utmost  importance  to  biology. 

In  the  case  of  simple,  well  recognized  suspensions  of  insoluble 
material,  such  as  silica,  clay,  oil,  etc.,  it  has  long  been  recognized 
that  the  settling  or  coagulation  is  produced  or  very  greatly 
accelerated  by  electrolytes,  while  non-electrolytes  have  little  or 
no  effect.  This  principle  is  used  in  connection  with  stamp-mills, 
etc. ,  for  the  precipitation  of  so-called  slimes,  and  it  is  of  interest 
to  the  geologist  in  that  it  accounts  for  the  formation  of  the  delta 
at  a  river's  mouth,  where  the  settling  seems  to  be  induced  by  salt 
water  rather  than  by  loss  of  current  in  the  stream.  It  is  a  prin- 
ciple also  applied  in  the  purification  of  water  supplies  and  sewage. 
It  has  been  studied  by  Scheerer  (3),  Barus  and  Schneider  (35), 
Spring  (139),  Stark  (114),  and  many  others. 

In  general,  acids  and  the  salts  of  heavy  metals  are  most  active 
in  this  coagulative  effect  on  suspensions,  the  alkali  salts  having 
the  power  to  a  less  marked  degree,  but  the  general  property  of 
electrolytes  of  precipitating  such  suspensions,  even  when  the 
former  is  exceedingly  dilute,  is  repeatedly  discovered.  Similarly, 
as  shown  in  the  methods  of  preparation,  the  hydrosolsor  colloidal 
solutions  are  capable  of  coagulation  or  precipitation  by  electro- 
lytes and  often  by  exceedingly  minute  quantities.  The  colloidal 
platinum  described  by  Bredig  (83)  is  often  precipitated  in  a  few 
hours  by  the  impurities  in  ordinary  distilled  water,  while  in  very 
pure  water  it  is  stable  for  months  or  years.  Quantitative  work 
on  this  precipitation  will  be  described  later.  It  may  be  said  here, 
however,  that  in  this  respect  there  seems  to  be  really  no  difference 
between  ordinary  suspensions  and  so-called  hydrosols.  The  two 
classes,  if  indeed  they  are  not  identical,  also  have  the  common 
property  of  very  slight  diffusibility  and  of  behaving  alike  when 
filtered  through  porous  cells  (133),  parchment  membranes,  etc.* 


848  W.    R.    WHITNEY   AND  J.    E.    OBER. 

and  they  practically,  without  exception,  exhibit  in  a  pencil  of 
light  the  Tyndall  phenomenon  of  diffusion  of  the  ray.  Its  path 
through  the  liquid  is  visible  and  the  reflected  light  of  the  ray  is 
polarized. 

Several  investigators,  among  them  Linder  and  Picton  (80), 
Coehn  (79),  Spring  (112),  and  Hardy  (131),  have  shown  that  the 
colloidal  material,  in  the  hydrosol  or  so-called  dissolved  condition, 
nligrates  under  the  influence  of  the  electric  current  and  collects 
about  one  electrode,  the  direction  of  movement  depending  on  the 
nature  of  the  colloid.  This  is  exactly  what  Quincke  (5)  and 
others  have  observed  for  visible  particles  in  suspension  under  the 
same  conditions. 

Thus  it  seems  most  logical  to  consider  so-called  colloidal  solu- 
tions as  finely  divided  suspensions,  the  particles  of  which  are  much 
larger  than  simple  molecules,  the  mixture  being  heterogeneous, 
instead  of  homogeneous,  or  consisting  of  two  phases  instead  of 
one.  This  point  has  been  very  recently  briefly  discussed  and  a 
theory  proposed  by  Donnan  (147). 

A  number  of  investigators  (Schulze,  Linder  and  Picton,  Hardy) 
have  studied  quantitatively  the  precipitation  of  the  colloids  by 
electrolytes,  and  very  interesting  results  have  been  obtained.  At 
least  in  the  case  of  many  of  the  colloids,  the  molecular  concentra- 
tion of  the  acid  or  salt  required  to  produce  coagulation  is  deter- 
mined almost  wholly  by  the  valence  of  the  positive  ion,  being  in- 
dependent of  the  nature  of  the  negative  ion  and  having  nearly 
the  same  value  for  different  positive  ions  of  the  same  valence. 
The  reciprocal  of  this  concentration  is  designated  the  coagulating 
power  of  the  electrolyte  ;  and  if  its  value  for  positive  univalent 
ions  be  represented  by  i,  that  of  the  bivalent  ions  becomes  about 
30  and  that  of  the  trivalent  about  1000.  Quantitative 
experiments  by  four  different  chemists  on  the  sulphides 
of  'arsenic,  antimony,  and  cadmium,  on  the  hydroxide  of 
manganese,  and  on  boiled  dilute  egg  albumen,  have  shown  the 
above  ratio  to  hold  fairly  well.  This  point  may  well  be  illus- 
trated by  examples  :  Colloidal  antimony  sulphide  is  precipitated 
by  most  of  the  univalent  salts  when  the  concentration  is  about 
I  part  by  weight  of  salt  to  200  parts  of  the  solution ;  for  the 
bivalent  salts,  this  value  is  about  i  part  by  weight  to  2,000  of 
water,  while  with  the  trivalent  ions,  i  part  of  the  salt  to  30,000 
or  40,000  of  water  is  suflScient.     Corresponding  concentrations 
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of  non-dectrolytes  are  practically  without  effect.  Another  author 
states  that  sodium,  potassium,  and  ammonium  salts  precipitate 
colloidal  copper  sulphide  when  i  part  by  weight  of  the  salt  is 
present  in  from  60  to  400  parts  by  weight  of  water.  Salts  of  the 
bivalent  elements,  when  present,  i  part  in  from  3,000  to  7,000 
parts  of  water  and  the  trivalent  salts  in  from  30,000  to  70,000 
parts  of  water.  Undissociated  acids  are  without  effect,  while  dis- 
sociated acids  are  about  like  univalent  salts.  For  a  certain  arse- 
nious  sulphide  solution,  i  part  of  potassium  chloride  to  137  parts 
of  water  is  necessary ;  while  with  ferrous  sulphate  and  similar  salts, 
I  part  in  2000  or  3000  parts  of  water,  and  with  ferric  chloride  i 
part  in  50,000  parts  of  water  suflBces,the  values  for  iron,  chromium 
and  aluminum  in  this  case  being  50,000,  83,000  and  20,000.  As 
might  be  expected,  the  alums  here  act  as  trivalent-metal  salts, 
while  the  ferrocyanide  and  ferricyanide  of  potassium  act  like  other 
valent-metal  salts.  Experiments  on  suspended  sulphur  by  one 
author,  and  on  diluted,  boiled  egg  albumen  by  another,  ha^-e 
shown  the  same  quantitative  relations. 

Several  chemists  have  suggested  possible  explanations  of 
these  phenomena.  It  is  thought  by  some  recent  investi- 
gators that  the  coagulating  power  of  salts  on  aqueous  sus- 
pensions and  on  many  of  the  so-called  colloids,  is  attributable  to 
the  positive  or  to  the  negative  ion  of  the  salt,  depending  on 
whether  the  suspended  particles  themselves  are  negatively  or 
positively  charged  with  respect  to  the  solution  ;  that  is,  that  the 
negatively  charged  suspensions  are  precipitated  by  positively 
charged  ions,  and  conversely.  Spring  (139)  believes  the  stati- 
cal charge,  which  it  is  assumed  the  ions  of  electrolytes  carry, 
neutralizes  the  statical  charges  of  opposite  sign  on  colloidal 
particles,  and  cites  cases  which  seem  to  support  the  belief.  For 
example,  he  states  that  certain  colloids  are  negative  and  therefore 
require  for  their  immediate  precipitation  or  coagulation  a  certain 
concentration  of  a  positive  ion.  Solutions  of  various  salts  of 
the  same  cathion  should  therefore  be  equally  active  as  precipi- 
tants  when  they  are  equivalent  in  concentration,  while  equiva- 
lent solutions  of  salts  of  the  same  anion  should  not  be 
equally  active.  This  he  has  shown  to  be  the  case.  Whetham 
(121)  has  attempted  to  explain  the  observed  relative  coagu- 
lating or  precipitating  powers  of  ions  is  influenced  by  their  va- 
lences as  follows.     He  assumes  that  it  is  necessary  that  a  certain 
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minimum  electric  charge,  carried  by  the  ions,  must  be 
brought  within  reach  of  the  colloidal  group  with  a  certain 
minimum  frequency  throughout  the  solution  in  order  to  produce 
coagulation.  Endently  equal  charges  should  be  available  from 
2n  triad  ions,  yi  diads  and  6n  monads,  where  »  is  a  whole  num- 
ber. Probability  of  contact  between  colloid  and  ion  should  be 
proportional  to  the  concentration  Cof  the  ion  or  equal  to  ^C, 
where  A  is  a  constant.     The  probability  of  two  such  ions  being 

together  is  A  Cand  of  "«"  ions  A  C     For  equal  coagulative  power 

2M        $H  6n 

of  ions  of  different  valences  AQ^=  AQ  =  AC^^B  (a  constant). 
The  concentration  of  trivalent,  bivalent  and  univalent  ions  rt- 

spectively  being  C,,  Q,  C,,  hence  C, :  C, :  C,  =  i :  B:  B=  1  \K\IC, 
where  A^  is  a  constant.  That  is,  from  the  known  coagulating 
powers  of  univalent  and  bivalent  ions,  that  of  ions  of  higher 
valencies  could  be  calculated.  The  calculated  and  obsen^ed 
values  for  trivalent  ions  thus  far  investigated  agree  very  satisfac- 
torily. Measurements  with  quadrivalent  ions  have  not  been  made. 
Whetham  supposes  a  certain  minimum  charge  has  to  be  brought 
into  contact  with  the  colloid  particles  with  a  certain  minimum 
frequency  throughout  the  solution.  We  see  no  reason  for  assuming 
a  certain  minimum  frequency.  On  the  contrary  it  is  more  prob- 
able that  whenever  contact  between  any  colloid  particle  and  a  cer- 
tain necessary  minimum  amount  of  electric  charge  takes  place, 
coagulation  of  that  particle  results,  and  that  the  frequency  of  con- 
tact simply  determines  the  rapidity  of  coagulation  of  the  solution 
as  a  whole.  Evidently  then,  we  might  have  various  concentra- 
tions of  the  same  electrolyte,  all  of  which  precipitated  the  colloid 
completely,  but  after  expiration  of  diflferent  times.  This  velocity 
would  then  be  a  function  of  the  concentration  and  for  immediate 
precipitation  the  relationships  might  hold,  as  shown  by  Whetham. 
It  is  a  well-known  fact  that  with  all  the  colloids  the  velocity  of 
coagulation  or  precipitation  may  assume  any  desired  magnitude 
depending  on  the  concentration  of  precipitating  agent.  The  many 
comparisons  of  the  coagulating  power  of  different  electrolytes  for 
immediate  coagulation  led  to  the  discovery  probably  first  stated  by 
Schulze,  but  confirmed  by  Linder  and  Picton  and  others,  that  ions 
of  the  same  valence  have  only  approximately  the  same  precipi- 
tating or  coagulating  power,  while    for    different    valence  the 
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power  is  greatly  different  as  stated  above.  Spring  has  added 
the  velocity  of  migration  of  the  ion  as  a  factor  in  determin- 
ing its  precipitating  power  because  of  the  fact  observed  by 
him  that  potassium,  sodium,  and  hydrogen  in  this  respect  stand 
in  the  order  of  their  migration  rates.  Such  a  dependence  is  to  be 
expected  if  the  assumption  of  Whetham  is  a  correct  one.  In  this 
connection  it  is  interesting  to  note  that  Linder  and  Picton  have  ob- 
served,  apparently,  a  peculiar  class  of  analogous  phenomena  in  the 
case  of  colloidal  aniline  colors.  They  mixed  solutions  of  aniline 
colors  which  migrate  in  Opposite  direction  under  the  influence  of 
the  current  and  whose  particles  under  our  present  hypothesis  are 
possessed  of  opposite  electric  charges,  and  report  that  *4n  general 
there  is  a  tendency  to  aggregation  between  such  substances.'* 
The  mixed  solution  was  either  completely  precipitated  or  the 
particles  simply  increased  in  size ;  just  such  effects  as  are  pro- 
duced by  electrolytes  in  large  and  small  quantities  respectively. 
Thus,  aniline  blue  ( — )  and  methyl  violet  (  +  )  mix  in  this  way, 
and,  unless  very  dilute,  precipitate ;  and  even  when  dilute, 
optical  tests  show  that  the  particles  have  increased  in  size. 
Aniline  blue  ( — )  and  magdala  red  (  +  )  give  similar  results.  In 
dilute  solutions,  to  show  that  some  union  had  taken  place,  the 
authors  filtered  the  mixture  through  a  porous  cell,  which  held 
back  both  in  case  of  the  mixture,  while  aniline  blue  would  filter 
through  when  tested  separatel3^  Rosaniline  hydrochloride  and 
aniline  blue  acted  similarly.  Here,  as  Linder  and  Picton  state,  we 
have  what  appears  to  be  ''a  mimicry  of  the  ionic  dissociation,*' 
but  is  there  any  reason  why  it  may  not  be  a  true  conception  of 
the  actually  occurring  phenomena  ? 

Finally,  it  must  be  mentioned  that  Linder  and  Picton 
have  stated  that  when  a  colloidal  solution,  or,  as  they 
designate  it,  a  pseudo  solution,  of  arsenious  sulphide,  is 
precipitated  by  a  salt  such  as  barium  chloride,  a  small  portion  of 
the  barium  is  precipitated  along  with  the  sulphide,  while  the 
corresponding  quantity  of  the  negative  element,  chlorine,  is  not, 
and  that  this  barium  cannot  be  removed  from  the  precipitate  by 
washing  with  water.  It  can,  however,  be  replaced  by  another 
positive  ion  by  washing  with  a  solution  of  an  appropriate  salt. 
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PART    II. 

EXPERIMENTS  ON  THE  CO- PRECIPITATION  OF  THE  ELECTROLYTB 

WITH  THE  COI.LOID. 

The  results  of  Liuder  and  Picton,  which  have  just  been  referred 
to,  seamed  to  us  to  open  a  field  of  great  scientific  interest,  and  one 
likely  to  become  of  much  practical  importance  to  the  analyst,  in 
connection  with  the  carrying  down  and  retaining  of  otherwise 
soluble    materials    by   precipitates.     In  order  to    confirm  and 
extend   these    results,     our    investigation     was     undertaken. 
A     colloidal     arsenious     sulphide     solution     was    made    by 
pouring  a  solution  of  Merck's  C.  P.  arsenious  oxide,  a  little 
at  a  time,  into  an  excess  of  a  saturated  aqueous  solution  of  hy- 
drogen sulphide,  so  that  the  resulting  solution  contained  about  i 
per  cent,  arsenious  sulphide.     The  excess  of  hydrogen  sulphide 
was  then  removed  by  passing  washed  hydrogen  through  the  mix- 
ture.    There  resulted  a  deep  lemon-yellow  solution  which  was 
opaque  by  reflect^  light  but  transparent  by  transmitted  light,  and 
which,  except  for  a  practically  unweighable  quantity  of  precipitated 
sulphide,  passed  readily  through  the  best  filter-paper.      It  also 
showed  no  signs  of  heterogeneity  under  the   microscope.     The 
water  used  in  these  experiments  was  twice  distilled,  the  second 
time  from  alkaline  permanganate  solution,  and  was  such  as  is 
usually  employed  in  electrical  conductivity  measurements.     An 
approximately  i  per  cent,  solution  of  barium  chloride  was  made 
by  dissolving  the  crystallized  salt  in  water.     Thirty  cc.  of  this 
solution  were  added  to  200  cc.  of  the  colloidal  solution,  which  pro- 
duced immediate  and  complete  precipitation  of  the  arsenious  sul- 
phide. This  was  filtered  and  carefully  washed  until  the  washings 
gave  no  test  for  chlorine  with  silver  nitrate.      The  barium  in  the 
filtrate  and  wash-water  was  then  precipitated  as  sulphate  and 
weighed,  and  at  the  same  time  a  determination  of  the  barium  in 
30  cc.  of  the  original  barium  chloride  solution  used  was  likewise 
made.   The  weights  of  sulphate  obtained  were  0.2590  and  0.2849 
gram  respectively,  which  correspond  to  o.  1523  and  o.  1675  gram  of 
barium  ;  or  a  loss  of  0.0152  gram  of  barium  which  was  held  by 
the  precipitated  sulphide.     The  analysis  of  the  filtrate  from  the 
arsenious  sulphide  precipitate  for  chlorine  by  weighing  silver 
chloride  showed  0.0863  gram  as  compared  with  0.0865  gram  found 
in  the  same  way  in  30  cc.  of  the  barium  chloride  solution  used. 
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This  shows  that  the  chlorine  was  not  carried  down  with  the 
sulphide  to  a  measurable  extent. 

To  determine  the  effect  of  concentration  of  the  colloid  on  Jthis 
phenomenon,  half  as  much,  or  100  cc.,  was  taken  and  diluted  to 
200  cc,  the  volume  used  above.  Thiity  cubic  centimeters  of  the 
barium  chloride  solution  as  before  were  added  to  this  and  the 
analysis  made  as  above.  It  was  found  that  0.0078  gram  of 
barium  had  been  carried  down  by  the  sulphide.  Finally  100  cc. 
of  the  colloid  solution,  80  cc.  of  water,  and  50  cc.  of  the  barium 
chloride  were  mixed  and  the  process  carried  out  as  before.  The 
barium  held  by  the  sulphide  was  here  0.0075  gram.  As  these 
are  practically  half  of  the  previous  quantity  (0.0152),  it  is  evi- 
dent that  the  composiHon  of  the  precipitated  colloid  is  independent 
both  of  its  own  concentration  in  the  solution  and  of  that  of  the  barium 
iofis.  The  approximate  relationship  in  the  precipitate  is  repre- 
sented by  the  symbol  9o( As^S,)  :  Ba.  It  is  doubtless  true  that  the 
barium  exists  here  as  hydroxide  as  will  be  shown  below.  That 
the  barium  remained  adhering  to  the  sulphide,  was  shown  by  the 
following  experiment,  which  is  a  repetition  of  Linder  and  Picton's 
procedure.  100  cc.  of  the  colloid  solution  were  diluted  with  100 
cc.  of  water  and  coagulated  with  30  cc.  of  the  barium  chloride 
solution.  The  precipitate  was  washed  free  from  chloride  and  then 
allowed  to  stand  in  dilute  ammonium  chloride  solution  for  two 
days.  The  precipitate  was  again  filtered  and  the  barium  in  the 
ammonium  chloride  solution  determined  as  sulphate.  Thus  0.007 1 
gram  of  barium  was  found,  which  was  93  percent,  of  that  carried 
down  by  the  sulphide  (0.0076  gram  ) .  This  had  been  removed  from 
the  washed  sulphide  by  the  ammonium  chloride  solution.  This 
is  in  accord  with  Linder  and  Picton's  statement  that  the  metal 
carried  down  by  the  arsenious  sulphide  can  be  replaced  by  other 
metals  by  digesting  as  above. 

The  natural  assumption  to  make  in  the  light  of  these 
experiments  is  that  the  colloid  causes  hydrolysis  of  the  salt 
and  that  while  the  base  is  carried  down  in  the  precipi- 
tate, the  filtrate  contains  the  free  acid.  How  this  precipitation 
of  a  basic  hydroxide  can  be  produced,  together  with  the  liberation 
of  the  acid,  is  yet  to  be  explained.  That  the  filtrate  in  the  above 
experiments  did  contain  free  acid  after  the  process,  while  it  did 
not  before,  was  readily  shown,  and  the  quantity  which  was  found 
by  titration  with  alkali  agreed  with  the  assumption.  For  example. 
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in  cases  where,  as  above,  200  and  100  cc.  of  the  colloid  had  been 
used,  the  free  acid  in  the  filtrate  was  found  to  be  equiva- 
lent to  0.0081  and  0.0038  gram  of  chlorine  respectively.  The 
very  dilute  solutions  made  the  determination  difficult;  but  these 
values  correspond  quite  well  with  the  results  in  the  case  of  the 
barium  carried  down  which  require  0.0079  and  0.0039  gnun 
respectively.  Thex^ior^,  equivalent  guanHHes  of  barium  andhy- 
droxyl  are  precipitated  with  the  colloids 

This  power  of  what  one  might  consider  chemically  inert 
material,  by  virtue  of  which  it  decomposes  neutral  salts  in  the 
presence  of  water  and  combines  with  or  holds  either  the  add  or 
base,  has  already  been  discovered  in  the  case  of  solid  substances, 
especially  porous  material  such  as  bone-black,  silica,  precipitated 
colloids,  and  has  received  very  interesting  treatment  by  Van  Bern- 
melen  (141).  In  the  case  of  solids,  however,  quantitative  meas- 
urements seem  hardly  destined  to  lead  to  such  interes'ting  results 
as  are  promised  by  a  study  of  what  appears  to  be  the  same  phe- 
nomenon in  colloidal  solutions. 

The  experiments  above  described  have  been  repeated,  using 
strontium,  calcium,  and  potassium  chlorides  instead  of  barium 
chloride,  and  the  following  results  which  are  tabulated  below,  to- 
gether with  those  given  above;  were  obtained.  The  calcium  was 
precipitated  as  oxalate  and  weighed  as  oxide.  The  strontium  was 
weighed  as  carbonate  and  the  potassium  as  potassium  platinichlo- 
ride.  In  the  first  column  is  given  the  amount  of  the  colloidal  so- 
lution used,  in  the  second  the  quantity  of  water  added,  in  the  third 
the  volume  of  the  precipitant  used,  in  the  fourth  the  weight  of  the 
metal  in  the  precipitant  used,  in  the  fifth  the  weight  of  this 
metal  carried  down  by  the  precipitate,  in  the  sixth  the  weight  of 
chlorine  found  in  the  filtrate  as  free  acid,  and  in  the  seventh  the 
weight  of  chlorine  corresponding  to  the  metal  in  the  fifth  column. 

Cai/uum  Chloride. 


CoUoid 

solution. 

cc. 

Water, 
cc. 

Metal  in 
Precipitant,    solution, 
cc.              Grant. 

MeUltn 

precipitate. 

Gram. 

Chlorine  aa 

free  add. 

Gram. 

Chlorine 
calculated 
from  metiL 
Gnat. 

ICO 

100 

25 

0.0724 

0.0020 

0.0036 

0.0036 

200 

■  •   • 

25 

0.0724 

0.0038 

0.0073 

0.0067 

100 

100 

25 

0.0724 

•  •  •  ■ 

0.0041 

0.0036 

Strontium  Chi^ridk. 

200 

•  •  • 

25 

0.107 I 

0.0072 

•  •  •  • 

.... 

200 

•    •  • 

25 

0.107 I 

0.0083 

•  •  •  • 

.  *  *  • 

100 

100 

25 

0.1071 

.... 

0.0040 

*.  .• 
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Barium  Chi,oridb. 


Collmd 

solution. 

oc 

Water, 
cc. 

Metal  in 
Preciptant.     solution, 
cc              Gram. 

MeUlin 

precipitate. 

Gram. 

Chlorine  as 

free  acid. 

Oram. 

Chlorine 
calculated 
from  metal. 
Gram. 

200 
100 
100 

•  •  • 

100 
80 

30 

30 
50 

0.1675 
0.1675 
0.2791 

0.0152 
0.0078 
0.0075 

0.0081 
0.0038 

.  a  •  • 

0.0079 
0.0039 

•  •  •  • 

Potassium  Chi,oridb. 

100 
200 

•  ■  • 

•  •  « 

•  • 

•  • 

2.0 
5.0 

0.0032 

•  •  •  • 

0.0030 
0.0073 

0.0029 

•  •  •  • 

The  quantities  of  these  various  metals  carried  down  by  100  cc. 
of  the  colloid  are  calculated  and  collected  in  the  following  table. 
The  third  column  contains  the  quantities  of  the  respective  elements 
chemically  equivalent  to  the  barium  absorbed.  This  element  is 
chosen  on  which  to  base  a  comparison,  because  its  quantitative 
determination  is  probably  the  most  accurate. 

I.  II.  III. 

Grams  observed.  Grams  calculated. 

Ba  0.0076  0.0076 

K  0.0036  0.0043 

In  the  case  of  another  solution  of  the  colloid  which  contained 
J  9  grams  of  arsenic  trisulphide  per  liter,  the  following  results 
were  obtained : 


CoUoid 

Metal  in 

Chlorine 

solution. 

25  cc.  chlo- 

solution. 

as  add. 

oc. 

ride  solution. 

Gram. 

Gram. 

50 

Ba 

0.1394 

0.0019 

50 

Ba 

0.1394 

0.0021 

50 

•Ca 

0.0706 

50 

Ca 

0.0706 

50 

Ca 

0.0706 

0.0017 

50 

Sr 

0.I071 

0.0021 

50 

K 

2.00 

0.0021 

100 

Ba 

0.1394 

0.0039 

100 

Ba 

0.1394 

0.0039 

100 

Sr 

0. 1071 

0.0042 

100 

Ca 

0.0706 

0.004  T 

100 

Ca 

0.0706 

0.0040 

ICO 

K 

2.00 

0.0038 

The  determinations  of  the  quantity  of  metal  carried  down  by  the 
precipitate  were  not  made  in  these  experiments  as  the  time  at 
our  disposal  would  not  permit  it.  The  analysis  of  the  filtrate  for 
fere  acid  was  considered  a  measure  of  the  quantity  of  metal  car- 
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ried  down  by  the  precipitate  as  it  proved  itself  to  be  in  the  pre- 
vious  experiments  where  both  were  determined. 

Therefore,  since  the  quantities  of  free  acid  were  found  to  be  the 
same,  within  the  limits  of  error,  in  all  the  experiments,  it  is  evi- 
dent that  equivalent  quantities  of  the  four  metals  were  precipi- 
tated with  the  colloid.  Thus,  not  only  does  this  colloid,  when 
precipitated,  bring  about  a  hydrolysis  of  the  salts,  absorb  the  base, 
and  liberate  the  acid,  but,  what  is  equally  striking,  it  carries 
down  with  itself  chemically  equivalent  quantities  of  the  different 
bases.  In  other  words,  into  this  precipitated  colloid^  barium^  stron- 
tium, calcium  J  and  potassium  enter  in  the  proportions  0/  tkeir  equiva- 
lent weights.  It  is  evident  that  this  result  supports  the  hypothe- 
sis of  Whetham  (see  above). 

PART  III. 

AN  INDEX  TO  THE  UTERATURE  OF  COLLOIDS. 
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NOTE. 

Reply  to  Dr.  EweWs  ^' Notes  on  the  Paper  by  Hiltner  and 
Thatcher, — In  an  article  recently  published  in  this  Journal,  we 
outlined  a  modification  of  the  Sachs-Le  Docte  modification  of 
Pellet's  ''instantaneous  aqueous  diffusion  methods  for  the  estima- 
tion of  the  sugar  content  of  beets.  * '  In  the  succeeding  number  of 
the  Journal,  Dr.  E.  E.  Ewell  published  some  notes  on  our  paper' 
criticizing  the  proposed  modification  in  several  points.  Inas- 
much as  Dr.  Ewell  has  apparently  fallen  into  some  of  the  errors 
which  we  specifically  warned  against  in  our  previous  article,  it 
would  seem  that  a  further  word  of  comment  is  necessary.  This 
reply  has  been  delayed  by  the  withdrawal  of  Mr.  Thatcher  from 
this  laboratory  and  by  the  many  distractions  of  the  summer  vaca- 
tion season,  but  may  not  be  out  of  place  at  this  time. 

*  This  Journal,  a3, 433. 
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The  object  for  which  the  work  reported  in  our  previous  article 
was  undertaken,  was  an  investigation  of  the  possibility  and  feasi- 
bility of  doing  away  with  the  necessity  of  weighing  an  exact 
definite  weight  of  beet  pulp  for  each  analysis,  and  using  instead 
any  known  weight  of  pulp  with  its  proportionate  amount  of  water 
and  lead  subacetate  solution.  When  we  began  the  work  we  were 
unaware  that  such  a  device  had  ever  been  suggested,  since 
Walawski's  work  had  not  yet  been  published  in  any  of  the 
journals  on  file  in  our  library.  Subsequent  correspondence  with 
the  Division  of  Chemistry  at  Washington,  secured  for  us  a  copy 
of  a  translation  of  the  paper  of  Dr.  Sachs  from  which  we  quoted 
freely  in  our  article.  After  we  had  completed  our  work  and  a 
copy  of  the  report  of  it  had  gone  into  the  hands  of  the  printer,  a 
personal  letter  from  Dr.  G.  L.  Spencer  informed  us  that  he  had 
for  some  time  past  been  making  use  of  a  modification  of  the 
method  in  question,  by  which  any  desired  weight  of  pulp  might 
be  proportionately  diluted,  clarified,  and  polarized.  The  idea, 
although  original  with  ourselves,  was  therefore  not  new,  but 
inasmuch  as  our  modification  differed  in  some  essentials  from  the 
commonly  adopted  methods,  and  in  some  important  respects  from 
Walawski's  process,  particularly  as  to  practical  details — its  publi- 
cation was  considered  advisable. 

Dr.  Ewell  criticizes  the  suggested  modification  because  it  is 
based  upon  a  correction  for  the  volume  of  water  in  the  beet 
rather  than  the  volume  of  juice,  or  liquid  in  the  beet.  It  is 
admitted  at  the  outset,  of  course,  that  either  the  Sachs-Le  Docte 
assumption  of  an  average  juice  factor  or  our  assumption 
of  an  average  water  factor  will  give  results  varying  some- 
what from  the  truth  in  individual  cases.  Which  of  these  two 
assumptions  is  the  more  desirable  as  a  basis  for  a  rapid  method 
for  technical  analysis  depends,  therefore,  upon  two  things  :  first, 
the  probable  error  that  may  be  introduced  in  individual  analysis, 
and,  second,  the  ease  with  which  a  factor  to  accurately  represent 
the  average  of  the  beet  to  be  analyzed  may  be  determined. 

Researches  during  the  past  ten  years  by  sugar-house  and  ex- 
periment-station chemists  show  that  the  amount  of  marc,  or  in- 
soluble matter,  in  the  beet  often  rises  to  8  per  cent,  and  some- 
times even  to  lo  percent,  of  the  weight  of  the  beet,  A  very 
large  number  of  direct  determinations  of  this  factor  made  at  this 
laboratory  during  the  past  seven  years  shows  that  in  immature  or 


Year. 

determination. 

1892 

15 

1894 

6 

1895 

H 

1896 

7 

1897 

10 

1898 

8 

Minimum. 

Average. 

Per  cent. 

Per  cent. 

2.5 

4.1 

2.2 

3.3 

2.4 

3-7 

2.0 

2.4 

2.2 

3.5 

2.0 

2.9 
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low-grade  beets,  it  sometimes  falls  as  low  as  2  per  cent.    This  is 
shown  in  the  following  table  : 

Tabi^b  I.   Insoi,t7bi,b  Mattbr  (Marc)  in  Bbbts. 

Number  of  Maximum. 

Per  cent. 

8.4 
4.6 
7.0 
3.6 

5.9 
4.0 

Hence  the  assumption  of  5  per  cent,  of  insoluble  solids,  or  95 
per  cent,  of  juice,  as  an  average  for  the  calculation  of  the  volume 
occupied  by  this  juice  must  produce  a  significant  error  in  many 
cases.  The  tediousness  and  extreme  difficulty  of  a  direct  determi- 
nation of  the  amount  of  insoluble  matter  in  beets,  and  the  unre- 
liability of  the  results  obtained  by  an  indirect  estimation  of  this 
factor,  make  it  almost  impossible  to  control  the  work  of  any 
g^ven  season  or  portion  of  a  season  by  a  determination  of  the 
correct  average  juice  factor  of  the  beets  to  be  analyzed. 

Furthermore,  the  calculation  of  the  volume  occupied  by  a  defi- 
nite weight  of  juice  by  the  ordinary  methods  is  subject  to  several 
errors.  In  the  first  place  the  usual  method  of  determining  the 
specific  gravity  of  the  juice  by  means  of  the  Brix  spindle  gives 
erroneous  results  because  the  spindle  is  calibrated  in  solutions  of 
pure  sugar.  Investigations  carried  on  in  this  laboratory  through 
several  seasons  show  that  the  results  obtained  in  this  way  are  al- 
most invariably  too  high,  the  percentage  of  total  solids  obtained  by 
a  direct  determination,  or  indicated  by  an  accurate  determination 
of  the  specific  gravity  of  the  juice,  being  always  less  than  that  indi- 
cated by  the  spindle.  As  is  shown  in  the  following  table,  the  real 
coefficient  of  purity  is  always  higher  than  that  obtained  by  calcu- 
lation from  the  Brix  spindle  and  polariscope  readings.  In  other 
v^ords,  the  amount  of  non-sugars  in  solution  is  less  than  that 
generally  accepted  and  the  volume  of  the  resulting  solution  is, 
therefore,  less. 

Tablb  II.  Real  versus  Apparent  Purity. 

Differences  between  real  and  apparent  purity. 
Maximum  Minimum  Average 

difference.  difference.  difference. 

Per  cent.  Per  cent.  Per  cent. 

-f-9.10  4-3.30  4-6.2 

-^  6.30  -f  3.30  -f  4.6 

+  9.13  +2.96  T-5.2 

-^5-97  4-1.20  +3.4 

-r  5.97  -f  2.34  4-  3-8 

+  4.80  4-1.70  4-3.3 


Number  of 

Year. 

determinations, 

1892 

13 

1894 

6 

1895 

15 

1896 

10 

1897 

14 

1898 

9 
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It  is  evident,  then,  that  the  only  correct  basis  from  which  to 
calculate  the  volume  of  any  given  weight  of  juice  is  a  direct  de- 
termination of  the  specific  gravity  of  the  juice,  or  of  the  total 
solids  in  solution  in  it.  This  latter  is  the  same  determination 
upon  which  we  base  our  correction  for  water  content. 

Again,  even  though  the  volume  of  the  juice  in  the  sample 
taken  be  correctly  determined,  the  figures  are  of  no  real  value  in 
determining  the  volume  of  water  to  be  added,  since  the  juice  is 
clarified  by  the  same  process  by  which  its  volume  is  to  be  in- 
creased to  the  normai  6ilntion,  the  percentage  of  solids  in  solu- 
tion being  materially  diminished  with  its  attendant  effect  upon 
the  volume  of  the  solution.  A  portion  of  the  soluble  non-sugars 
as  well  as  a  portion  of  the  lead  in  the  clarifying  agent  are 
removed  from  the  solution  by  precipitation.  The  exact  amount 
of  the  diminution  in  volume  due  to  this  cause  in  any  particular 
case  it  is  impossible  to  determine.  It  is  obvious,  however,  that 
Dr.  Eweirs  carefully  prepared  tables,  based  upon  the  assumption 
that  the  juice  in  the  pulp  taken  has  the  same  specific  gravity  as 
would  a  solution  which  contained  a  percentage  of  pure  sugar, 
equal  to  the  apparent  amount  of  total  solids  in  the  juice,  and  that 
the  solution  contains  all  the  solids  originally  present  in  its  con- 
stituents are  not  true  to  facts  and  lead  to  erroneous  conclusions. 
Moreover,  both  of  the  errors'  introduced  are  such  as  would,  in 
actual  practice,  tend  to  diminish  the  total  volume  of  the  solution 
and  so  in  part,  counteract  the  error  due  to  the  increase  in  volume 
caused  by  the  sugar  dissolved  on  the  water  of  the  juice. 

It  would  seem,  therefore,  that  both  the  theoretical  consideration 
of  the  matter  and  the  practical  results  obtained,  and  reported  in 
our  previous  article,  show  that  the  assumption  of  an  average 
water  factor  as  a  basis  for  a  rapid  working  method  is  fully  as 
satisfactory  as  that  of  an  average  juice  content.  The  determina- 
tion of  the  correct  average  factor  to  be  used  in  any  series  of 
analyses  is  unquestionably  much  more  easily  made  in  the  former 
case.  The  error  in  individual  cases  might  be  lessened  by  doub- 
ling the  dilution  as  required  by  the  Sachs-LeDocte  modification, 
but  as  was  pointed  out  in  the  previous  article  (see  page  310),  this 
has  not  been  found  necessary  in  ordinary  work. 

Dr.  Ewell  further  criticizes  our  work  "because  their  determi- 
nations of  the  water  contained  in  beets,  *  *  *  are  higher  than 
is  indicated  by  previous  results  or  determinations  of  the  amount  of 
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filter  contained  in  beets"  and  further  states  ''that  as  little  as  4  per 
cent,  of  marc  is  possible,  but  2.61  percent,  is  doubtful  and  2. 28  per 
cent,  is  still  more  so"  and  supports  his  criticism  by  tables  calcula- 
ted from  assumed  conditions.  The  figures  cited  in  Table  I  above  are 
sufficient  to  show  that  the  results  recorded  are  not  at  all  impossi- 
ble, but,  on  the  contrary  accord  very  satisfactorily  with  the  other 
observed  facts  concerning  the  beets  with  which  we  had  to  deal. 
The  results  which  we  have  recorded  on  pages  308  and  309 
in  every  case  were  those  obtained  by  the  best  of  the  direct 
methods  of  determination  and  not  by  indirect  calculations  using 
arbitrary  factors.  It  is  but  fair  to  add  that,  owing  to  very  late 
warm  Fall  rains  in  Nebraska  last  year,  the  beets  which  were 
available  for  work  at  that  time  were  very  largely  immature  and 
unripe  ones.  It  is  hoped  that  in  the  near  future,  the  applicability 
of  the  proposed  method  may  be  further  tested  on  a  better  class 
of  beets.  The  determinations  of  moisture  recorded  on  page  309 
of  the  original  article  were  made  on  beets  at  all  stages  of  growth 
from  samples  taken  from  July  15th  to  November  15th  of  each 
year,  and,  hence,  as  was  stated,  represent  widely  varying  con- 
ditions of  the  beet. 

It  is  a  fact  well  known  among  chemists  actively  engaged  in 
work  with  beets  that  the  factors  arbitrarily  adopted  to  represent 
an  average  beet  are  often  far  from  the  real  conditions  to  be  met 
with  in  actual  work  and  that  percentages  calculated  from  these 
arbitrarily  assumed  standards  are  by  no  means  sufficiently  reliable 
to  afford  a  basis  for  criticism  of  results  obtained  in  actual  practice. 

Our  critic  makes  a  number  of  logical  deductions  from  certain 
computations  that  he  has  made,  but  we  must  beg  to  insist  that  he 
errs  considerably  in  his  premises.  As  a  basis  for  his  calculations 
on  page  433  he  makes  an  assumption  as  to  purity  coefficient  (80 
per  cent.)  which  is  quite  untenable  in  view  of  the  facts  as 
ascertained  by  us.  The  coefficients  of  purity  of  the  beets  in 
question  seldom  reached  75  per  cent. ,  as  our  records  show  ;  many 
analyses  indicated  a  purity  of  less  than  70  per  cent. ,  some  indeed 
as  low  as  65  per  cent.  Were  we  to  apply  such  factors  as  these  in 
the  same  manner  as  Mr.  Ewell  has  applied  the  factor  80  we  would 
obtain  most  astounding  figures.  The  danger  in  building  too 
much  on  averages  and  on  conventional  factors  is  here  very 
apparent. 

Although  a  little  remote  from  the  main  point  in  question  we 
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wish  finally  to  notice  the  fact  that  in  making  these  con^putations 
for  the  tables  on  page  433,  errors  have  been  made  aside  from 
those  just  mentioned.  The  values  there  used,  for  average  sugar 
content  in  the  beets,  were  obtained  by  us  by  indirect  analysis 
of  the  beets.  The  percentages  of  sugar  in  the  juices  were  first 
determined  and  from  these  the  percentages  in  the  beets  were  esti- 
mated by  deducting  the  conventional  5  per  cent,  for  marc.  Using 
these  same  figures  in  connection  with  other  data,  Mr.  Ewdl 
calculates  the  percentages  of  marc  to  range  from  1.79  per  cent,  to 
4.74  per  cent.  The  error  also  in  attempting  to  calculate  soluble 
non-sugars  in  the  beet  and  later  the  percentage  of  marc  by  employ- 
ing an  assumed  factor  (or  even  a  definitely  determined  factor)  of 
purity  of  the  juice  is  quite  apparent.  (By  factor  of  purity  of  the 
juice  we  mean,  of  course,  the  ratio  of  sugar  in  the  juice  to  soluble 
total  solids  in  the  juice;,  and  by  soluble  non-sugars  the  difference 
between  total  solids  and  sugar  in  the  juice.)  By  thus  confusing 
the  values  for  the  beet  and  those  for  the  juice  it  is  manifestly 
impossible  to  compute  values  for  marc  or  other  components  of 
the  root. 

To  conclude,  we  wish  only  to  again  draw  attention  to  the  facts 
stated  on  page  311,  etseq,,  of  the  current  volume  of  this  journal 
regarding  the  experimental  part  of  our  work  and  especially  to 
Table  III.  where  the  results  obtained  by  the  proposed  method  are 
compared  with  those  secured  by  Pellet's  hot  aqueous  diffusion 
process  (an  acknowledged  standard  method).  The  results  given 
certainly  point  plainly  to  the  reliability  of  the  method  and  indi- 
cate that  the  process  is  based  on  correct  principles. 

R.  S.  HiLTNKR  AND  R.  W.  THATCHER. 

University  op  Nebraska,  I«ikcoln,  Neb., 
September  9,  190T. 
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THE  CHEHICAL  ANALYSIS  OF  THE   APPLE   AND  SOME 

OF  ITS  PRODUCTS. 

By  C.  a.  Brownb,  Jr. 
Received  September  94,  zgoi. 

IN  the  Fall  of  1899,  the  writer  was  called  upon,  by  the  Penn- 
sylvania Department  of  Agriculture,  to  make  a  chemical 
study  of  the  apple  and  its  various  products.  The  results  of  this 
investigation  have  been  embodied  in  Bulletin  No.  58  of  the 
Department's  publications.  For  the  complete  tabulation  of  all  the 
analyses  made  in  connection  with  this  work,  together  with  the 
discussion  of  the  results,  reference  is  made  to  the  above  bulletin. 
A  brief  summary  of  the  results  is  presented,*  however,  in  this  con- 
nection, preliminary  to  a  more  complete  description  of  the 
methods  of  analysis  employed.  The  latter,  in  fact,  is  the  main 
purpose  of  the  present  paper,  inasmuch  as  no  description  of 
methods  was  included  in  the  original  bulletin.  The  methods 
herein  described,  while  designed  especially  for  the  examination 
of  apples  and  apple  products,  have  been  used  successfully  in  a 
few  other  instances,  and  the  writer  believes  that,  with  a  few 
modifications  perhaps,  they  could  be  employed  in  the  analysis 
of  any  of  our  common  fruits. 

1  This  is  done  with  the  kind  pennitsiou  of  Prof.  John  Hamilton,  secretary  of  the 
PennsyUmnia  Department  of  Agriculture. 
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Composition  of  Appi.es. 

Reducing  Acid  as 

Water,      gugars.  Sucrose.  Starch.    Ash.      malic  Muc 

Unripe  apples  (2  analyses)  80.67  6.43  2.84  3.92  0.27  1.14 
Summer  apples  (6  analyses)  85.00  7.10  3.36  1.04*  0.28  0.68 
Winter  apples  (21  analyses)  83.16       8.16       4.16       0.26     0.59   1.85' 

The  above  analyses  represent  simply  the  composition  of  the 
edible  or  fleshy  portion  of  the  apple.  These  figures,  together 
with  other  determinations  made  upon  the  combined  pulp  and 
marc  from  different  varieties  of  fruit,  have  furnished  the  follow- 
ing table : 

Approximate  Average  Composition  of  the  Flesh  of  the  Ripe  Apple. 

Ingredient.  Per  cent 

Inorg'anic. 

Water 84.00 

Ash 0.30 

Sugars :  Organic. 

Reducing  sugars 8.00 

Sucrose 4.00 

Starch   0.00 

Marc : 

Cellulose 0.90 

Pentosans 0.50 

I/ignin 0.40 

Organic  acids  : 

Free  acid  as  malic 0.60 

Combined  acid  as  malic 0.20 

Pectin  bodies 0.40 

Crude  fat 0.30 

Protein o.  10 

Undetermined  (tannin,  etc. ) 0.30 

100.00 
The  Chemical  Composition  of  Apple  Ash. 

Ingredient.  Per  cent. 

Potash 55.94 

Soda 0.31 

Lime 4-43 

Magnesia 3.78 

Ferric  oxide 0.95 

Alumina 0.80 

Chlorine 0.39 

Silica  0.40 

Sulphur  trioxide 2.66 

Phosphorus  pentoxide 8.64 

Carbon  dioxide 21.60 

99.90 
Deduct  oxygen  equivalent  to  chlorine 0.09 

Total 99.81 

1  One  analysis. 
*  Eight  analyses. 
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The  above  analysis  was  made  upon  the  combined  ashes  from 
many  different  varieties  of  apples,  the  flesh  of  the  fruit  being  the 
only  part  taken  for  incineration. 

Composition  of  Apple  Juices. 


«  i 


•ti                                     Si                               S                                                  .  Sjfi 

g                             «                         a                                     Js  ^** 

S            ^         I         2                              .2          S  5s 

Juice  from  sum-     ^            -S         "S         g          S        -g         I         I  I  ^ 

mer  apples  (5C0            d^etfcob^Ck^  ptf 

analyses)....  1.0502     12.29    6.76    3.23    0.72    0.29    0.12*    0.03*  — 26.67 

Juice  from  ynn- 
ter  apples  (4 

analyses)....  1.0569     13.96    8.57    3.40    0.43    0.27    0.12'    0.02*  — 45.15 

The  composition  of  other  fruit  juices,  from  analyses  made  by 
the  writer,  is  given  for  purposes  of  comparison. 


«  •3  N 


3  2  'C  >** 


^  «  S  2  ^  >** 

bo  T?  a  r<  9 


t 


St?-*  o 


t<  CO  d30<cofa^0i4<etf 


Strawberry....   1.0420      9.64    5.90    0.89    1.28    0.61     0.63    0.38    —   5.28 

Red   raspberry.   1.0463     ii.oi     5.13    2.31     1.44    0.60    0.88    0.75     -f    7.32 

Black  raspberry  1.0567     13.65    9.52      ...     1.85    0.60    0.72    0.38    — 25.20 

Black      cherry, 

very  sweet...  1.1034    24.3016.35      ...     1.47    0.79    0.30    0.63    — 29.80 

Red  cherry,  sour  1. 046 1     11.22    7.33      ...     1.32    0.57    0.25    0.56    — 12.96 

Closely  related  to  apple  juice  is  what  is  known  as  * 'second 
pressings" ,  used  so  extensively  at  present  for  jelly-making  and 
vinegar  stock.  It  is  made  simply  by  wetting  apple  pomace  with 
water  and  repressing. 

Composition  op  Second  Pressings. 

Specific  gravity 1.0376 

Rotation  Ventzke  400  mm.  tube —  31.94 

Per  cent. 

Solids 9.14 

Reducing  sugars 6.87 

Sucrose  1.49 

Ash 0.20 

Undetermined  (pectin,  malic  acid,  etc. ) 0.58 

The  composition  of  completely  fermented  cider  and  vinegar  is 

*  Pour  analyacfl. 

*  One  analysis. 
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shown  by  the  following  figures,  compiled  from  analyses  made 
upon  samples  of  known  purity. 

Composition  of  Cider  and  Cider  Vinegar. 


N 


2  -o 


8 


O 


Evaporated  apples  (2  anal.)  27.61  32.80  19.02  i.io  4.08  0.87  •••    5.55 

Apple  butter  ( I  anal.) 52.58  37.20  1.14  0.97  2.52  0.25  2.15    1.14 

Cider  jelly  ( I  anal.) 44-53  49-5o  2.18  1.39  3.61  ...  1.60  iiont 

Apple  pomace  ( I  anal.)....   70.76  8.09  2.40  0.49  ...  1.25  

METHODS  OF  ANALYSIS. 

The  methods  employed  in  making  the  determinations  contained 
in  the  preceding  tables  are  in  many  cases  simply  the  ordinary 
processes  described  in  most  books  on  commercial  or  agricultural 
analysis.  The  methods*  of  the  official  agricultural  chemists  were 
employed  as  far  as  possible.  Only  such  departures,  from  the 
usual  methods  as  it  was  found  advisable  to  make,  will  be 
described. 

1  The  writer  desires  at  this  point  to  call  attention  to  a  statement  made  by  Doolittleind 
Hess  in  a  recent  number  of  this  Journal  (aa,  219).  It  is  said  that  "  the  solids  of  puredder 
vinegar  give  no  rotation  with  the  polariscope,  and  little  or  no  reducing  action  on  Pehling*s 
solution  after  the  customary  clarification  with  lead  acetate."  This  is  certainly  a  mistake, 
of  the  many  samples  of  pure  cider  vinegars  examined  by  the  writer  at  the  Pennsytvaiut 
Experiment  Station  during  the  past  four  years,  not  one  has  failed  to  give  a  decided  rota- 
tion to  the  left,  when  examined  in  the  400  mm.  tube  of  the  polariscope ;  likewise  all  have 
appreciably  reduced  Pehling's  solution,  whether  previously  clarified  with  animal  charooal 
or  lead  subacetate. 

An  unpublished  experiment  conducted  by  the  writer  at  this  Experiment  Station  shows 
that  levulose  is  the  only  sugar  present  in  properly  fermented  cider  vinegar,  the  socroae  and 
dextrose  having  both  disappeared  in  the  course  of  the  alcoholic^ fermentation.  The  acetic 
fermentation,  which  sets  in  before  the  last  traces  of  levulose  have  been  destroyed,  seems 
to  prevent  the  complete  removal  of  the  sugar  by  alcoholic  fermentation,  and  the  percent- 
age of  levulose  continues,  thereafter,  nearly  constant. 

2  Bulletin  No.  46,  revised  edition,  U.  S.  Department  of  Agriculture,  Division  of 
Chemistry. 


^  Si  .  ?J( 

2  ^         -6         ^  I          ^"t                 , 

Cider  (6  analy.      I  $        i       &        ^        S:<         l  <         S*                , 

ses) 1.0006  2.34   0.29  0.32    0.61  0.25  5.51    0.04  0.02  —2.34 

Vinegar  (4  anal- 
yses)    1.0184  2.00   0.44   0.52*  6.19  0.14  none   0.17  o.oi  —2.01'              ! 

Composition  of  Miscellaneous  Apple  Products. 
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Determination  of  Moisture  and  Solids, — This,  apparently  the 
most  simple  of  all  analytical  processes,  was  found  at  the  outset  of 
the  work  to  oflfer  the  greatest  difficulties.  The  methods  ordinarily 
prescribed  recommend  that  the  material  be  dried  at  100°  C,  or 
even  higher,  until  a  constancy  in  weight  is  attained.  In  making 
determinations  by  any  of  these  methods  the  writer  has  found  it 
impossible  to  obtain  any  such  constancy  in  weight;  the  residue 
would  continue  to  lose,  until  its  percentage  became  finally  much 
less  than  the  sum  of  the  percentages  of  the  different  solid  constitu- 
ents. A  decomposition  of  some  kind  was  indicated  and  the 
unreliability  of  drying  at  a  high  temperature  clearly  shown. 

The  difficulty  experienced  is  undoubtedly  due  to  a  breaking- 
up  of  the  sugars  of  the  fruit,  principally  levulose.  This  has  been 
found  true  in  the  case  of  other  bodies  containing  levulose,  as  has 
l>een  shown  by  Carr*  and  Sanborn  in  their  experiments  upon 
"the  dehydration  of  viscous  organic  liquids.*'  These  writers, 
after  making  ''upward  of  5,000  separate  determinations,  ranging 
over  all  the  better-known  methods  and  covering  such  material^  as 
pure  sugar  and  levulose  solutions,  honey,  molasses,  molasses 
"flowers,"  sorghum,  beet  and  maize  juices,  etc.,  etc,"  "conclude 
that  it  is  impossible  to  dehydrate,  quantitatively,  solutions  con- 
taining levulose  without  the  occurrence  of  decomposition^  if  the 
temperature  be  100*^,  the  environment  air,  and  the  pressure  equal 
to  that  of  the  atmosphere."  The  method  finally  adopted  by 
Carr  and  Sanborn,  to  prevent  this  decomposition  of  levulose 
xiuring  dehydration,  consists  in  drying  the  material  on  pumice 
stone  in  flat-bottomed  dishes,  at  70°  C.  and  a  vacuum  of  25  inches. 

The  writer  has  been  unable  to  find  any  work  relating  to  the 
dehydration  of  fruits,  or  the  products  therefrom,  in  vacuo,  but 
the  same  necessity  would  exist  for  such  dehydration  as  with  other 
levulose-containing  materials,  the  presence  of  levulose  in  most 
fruits  being  sufficiently  indicated  by  the  marked  levorotation, 
which  the  clarified  juices  give  to  the  plane  of  polarized  light.    . 

In  the  various  analyses,  previously  recorded,  the  writer  effected 
•dehydration  in  most  cases  by  drying  the  material  at  70°  C.  in  a 
vacuum  as  recommended  by  Carr  and  Sanborn,  using,  however, 
perforated  brass  or  copper  tubes  filled  with  asbestos  for  absorbing 
the  liquid,  instead  of  pumice  stone  in  dishes  as  in  the  method  of 
the  above  authorities. 

1  Bulletin  47,  U.  S.  Department  of ^  Agriculture,  Division  of  Chemistry,  p.  134.    See 
-also  this  Journal,  p.  i7,  (23)  of  proceedings. 
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The  perforated  tubes  employed  measured  9  cm.  long  by  2  cm. 
in  diameter.  In  the  case  of  liquids,  fruit  juices,  cider,  vinegar, 
etc. ,  the  tubes  are  nearly  filled  with  freshly  ignited  asbestos,— 
the  latter  being  tightly  packed  with  a  rod  against  the  sides  in  the 
upper  half  of  the  tube,  thus  leaving  a  central  cavity  extending 
part  way  into  the  asbestos.  Each  tube  thus  prepared  is  placed  into 
a  glass-stoppered  weighing-bottle  of  sufficient  size,  and  the  whole 
weighed.  About  5  cc.  of  the  liquid  to  be  analyzed  are  then 
delivered  from  a  pipette  into  the  cavity  in  the  asbestos,  the  object 
of  the  cavity  being  to  secure  a  rapid  absorption,  and  even  distri- 
bution of  the  liquid  through  the  asbestos.  The  weighing-bottle 
is  then  immediately  stoppered  and  reweighed,  the  increase  in 
weight  being  the  amount  of  substance  taken.  After  removing 
the  stopper,  the  bottle,  together  with  the  inner  tube,  is  conveyed 
to  a  vacuum  drying  apparatus,  where  it  is  dried  in  an  upright 
position,  at  a  constant  temperature  of  70^  C.  During  the  first 
few  hours  of  the  drying,  a  slight  current  of  air  is  drawn  through 
the  vacuum  compartment,  in  order  to  remove  the  large  excess  of 
moisture  at  first  given  off.  In  the  last  stages  of  the  drying  the 
air  current  is  decreased,  and  the  vacuum  kept  at  about  25  inches. 
Eight  to  ten  hours  are  generally  sufficient  to  secure  complete 
dehydration  ;  at  the  end  of  this  time  the  weighing-bottle  is  re- 
moved from  the  oven,  placed  in  a  desiccator  and,  when  cold,  re- 
stoppered  and  weighed. 

The  bottles  are  then  replaced  in  the  oven  and  dried  for  a  second 
period  of  a  few  hours  to  ascertain  if  constant  weight  has  been 
secured.  The  first  drying,  however,  has  generally  been  found 
sufficient.  A  longer  drying  of  several  days  has  been  found  to 
produce  no  change  in  weight,  when  once  dehydration  was  secured, 
showing  that  no  decomposition  of  levulose  is  produced. 

In  determining  moisture  or  solids  in  apples  and  other  fruits 
the  same  method  is  employed,  with  the  exception  that  the  per- 
forated tubes  are  filled  only  about  one- fourth  with  asbestos.  The 
grated  pulp  of  the  fruit  to  be  analyzed  is  well  sampled  and  mixed, 
and  a  small  portion  of  5  to  10  grams  transferred  through  a  short- 
necked  funnel  into  the  tube,  when  the  bottle  is  restoppered  and 
weighed.  The  drying  is  conducted  as  previously  described ;  the 
slight  amount  of  liquid,  which  sometimes  oozes  out  into  the  weigh- 
ing-bottle, does  no  harm. 

In  drying  fruit  products  of  much  consistency,  such  as  jelly,  it 
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is  best  to  dissolve  a  weighed  amount  of  the  material  in  water, 
before  adding  to  the  asbestos,  in  order  to  secure  a  better  absorp- 
tion. The  same  necessity  of  drying  in  vacuo  at  low  temperature 
exists  with  evaporated  fruit  products,  such  as  dried  apples.  In 
such  cases  the  use  of  the  inner  perforated  tube  is  dispensed  with 
altogether.  The  finely  cut  material  is  weighed  out  directly  in  the 
weighing-bottle  and  the  process  conducted  as  already  described. 
It  might  be  supposed  that,  with  fermented  ciders  and  vinegars, 
owing  to  the  disappearance  of  levulose  during  fermentation,  a 
determination  of  the  solids  by  the  vacuum  method  at  70°  C.  and 
by  drying  at  100^  C.  in  the  usual  way  would  show  no  decided 
difference.  Such,  however,  is  not  the  case  with  completely  fer- 
mented ciders  and  vinegars  ;  a  constancy  in  weight  is  attained  by 
drying  at  100°  C,  but  the  percentage  of  solids  is  invariably  less 
than  that  obtained  by  the  vacuum  method.  The  following  is  an 
example  of  this  ;  the  experiment  was  performed  upon  a  pure  cider 
vinegar. 


Per  cent. 

I. 

II. 

1.48 

1.50 

1.47 

1.49 

329 

3.39 

3.28 

3.39 

Solids  by  drying  at  100°  C,  two  days 

Solids  by  drying  at  100®  C,  three  days 

Solids  by  drying  in  vacuo  at  70®  C,  two  days  . . . 
Solids  by  drying  in  vacuo  at  70°  C,  three  days. . . 

The  percentage  of  reducing  sugar  was  only  0.16  percent,  so 
that  decomposition  of  levulose  does  not  explain  the  discrepancy. 
It  may  be  due  partly  to  the  volatilization  of  glycerol,  which  is 
formed  during  the  alcoholic  fermentation.  Indications,  however, 
point  to  the  presence  of  other  substances,  besides  levulose,  in 
fruit  products,  which  are  decomposable  at  100°  C. 

The  Calculatio7i  of  Solids  in  Fruit  Juices  from  the  Specific 
Gravity, — The  application  of  this  principle,  by  means  of  the  Brix 
spindle,  in  the  analysis  of  juices  from  the  beet  and  sugar-cane  is 
too  well  known  to  require  mentioning ;  it  has  also  been  applied 
by  Kulisch*  in  the  analysis  of  apple  juices,  the  degrees  Brix  or 
Balling,  corresponding  to  the  specific  gravity  of  the  juice  at 
17.5*'  C,  being  the  percentage  of  solids.  The  writer  has  com- 
pared this  method  of  estimating  solids  with  the  actual  determina- 
tion, and  the  agreement  has  usually  been  very  satisfactory.  In- 
stead of  using  degrees  Brix  the  solids  of  juices  may  be  calculated 
from  the  formula  245  (5—1),  5  being  the  specific  gravity  of  the 

1  **  Landwirthschaftliche  Jahrbiicher,  19,  no  (1890). 
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juice  at  17.5®  C.  Such  methods  of  estimating  solids  are,  of  course, 
only  applicable  in  the  case  of  fresh  juices,  before  the  beginning  of 
the  alcoholic  fermentation.  The  following  table  gives  the  per- 
centage of  solids,  as  estimated  and  actually  determined  in  a 
number  of.  different  juices. 

Solids  by 

formula    Actual  fiolidsal 
Specific  Degrees  245  (S— I),  to' C.  tn  vacuo. 

No.  Kind  of  juice.  gravity  17.5' C.       Brix.       Percent.        Per  cent 

1  Apple  juice  (second  pressing)    1.0376  9.39         9.21  9.14 

2  **  **  1.0474  11.73  11.61  11.36 

3  **  **  1.0481  11.90  11.78  11.81 

4  **  *'  1.0484  11.97  11.86  11.87 

5  "  ••  1.0488  12.07  11.96  11.71 

6  *•  *•  1.0517  12.75  12.67  12.78 

7  *•  "  1.0525  12.94  12.86  12.77 

8  "  "  I-0539  13-26  13.21  13.29 

9  *'  "     10559  13-73        1370  1394 

10  "  *•     1.0560  13.76        13.72  12.83 

11  *'  **     1.0568  13.94        13.92  13.84 

12  **  '*     1.0613  14.99        I5-OI  14-90 

13  *•  *•     1.0722  17.50        17.69  16.82 

14  Strawberry  juice i  .0420  10.44  10. 29  9.64 

15  Red  raspberry  juice 1.0463  11.47  11.34  H-oi 

1 6  Black  raspberry  juice 1.0567  13.92  13.89  13.65 

17  Red  cherry  juice 1.0461  11.42  11.29  11.22 

18  Black  cherry  juice 1.1034  24.42  25.33  24.30 

Average 13.42  13.41  13.16 

The  formula,  as  a  rule,  gives  results  slightly  closer  to  the 
actual  percentage  of  solids,  except  in  case  of  juices  of  very  high 
gravity,  as  No.  1 8  of  the  preceding  table.  The  diflFerence  between 
actual  and  calculated  results  rarely  exceeds  0.2  or  0.3  of  a  per 
cent. ;  there  is  occasionally,  however,  a  notable  discrepancy  as  in 
the  case  of  apple  juices  Nos.  10  and  13.  Calculating  the  solids 
from  the  gravity  of  a  juice  is  sufficiently  accurate  for  many  pur- 
poses ;  such  an  estimation  is  preferable,  in  any  case,  to  the  old 
method  of  determining  solids  by  drying  at  100**  C. 

AsA. — This  was  determined  according  to  the  official  method, 
about  20  grams  of  material  being  taken  for  analysis.  In  incin- 
erating large  quantities  of  material,  to  obtain  ash  for  tfee  ash 
analysis,  it  is  necessary  to  exhaust  the  charred  mass  first  with 
water.  The  insoluble  residue  is  collected  on  a  filter,  burned,  and 
this  ash  added  to  the  residue  left  on  evaporating  the  aqueous 
extract.  The  whole  is  then  heated  to  a  low  redness  till  the  ash 
is  white. 
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Reducing  Sugar, — ^This  was  calculated,  in  the  various  analy- 
ses given,  simply  as  invert  sugar.  Strictly  speaking  this  is  not 
correct,  for  the  dextrose  and  levulose  of  fruit  juices  are  present  in, 
by  no  means,  equal  proportions,  as  in  apple  juices  where  the 
percentage  of  levulose  is  nearly  double  that  of  dextrose.  Never- 
theless, when  these  sugars  are  not  separately  determined,  it  has 
seemed  to  the  writer  more  accurate  to  consider  the  reducing  sugar 
as  invert  rather  than  dextrose  or  levulose  alone.  The  invert, 
sugar  is  calculated  from  the  weight  of  reduced  copper  according 
to  the  tables  of  Meissl  and  Wein  ;  such  small  amounts  of  sucrose, 
as  are  present  in  fruit  juices,  do  not  aflfect  the  accuracy  of  the 
determination. 

In  the  determination  of  reducing  sugar  in  fruit  juices,  20  cc.  of 
the  filtered  juice  are  measured  out  into  a 500  cc.  flask,  about  30QCC. 
of  water  are  added,  and,  after  neutralizing  carefully  with  sodium 
hydroxide  using  phenolphthalein,  the  volume  is  completed  to  the 
mark.  Twenty-five  cc.  of  this  solution  (i  cc.  of  original  liquid) 
are  taken  for  the  copper  reduction.  The  reduced  cuprous  oxide 
is  filtered  in  asbestos  tubes  and,  after  drying,  reduced  in  a  current 
of  hydrogen,  and  the  weight  of  copper  determined.  In  case  of 
partly  fermented  juices  larger  amounts  of  liquid  can  be  used  for 
dilution.  With  completely  fermented  ciders  and  vinegars,  which 
contain  but  very  little  sugar,  the  liquid  after  neutralizing  needs 
little  if  any  dilution.  In  calculating  the  percentage  of  reducing 
sugar,  it  is,  of  course,  necessary  to  take  into  account  the  specific 
gravity  of  the  liquid  analyzed. 

In  determining  reducing  sugar  in  apples  and  other  whole  fruits 
the  following  method  was  adopted  :  100  grams  of  the  grated  pulp 
are  washed  on  a  muslin  filter  in  a  large  funnel,  with  repeated 
quantities  of  cold  water,  the  filter  being  squeezed  after  each 
addition  of  water  to  hasten  the  removal  of  the  sugar.  The  filtrate 
is  caught  in  a  2-liter  fiask,  and  the  washing  continued  until  the 
liquid  is  nearly  up  to  the  mark.  After  completing  the  volume, 
the  flask  is  shaken,  and  200  cc.  (10  grams  of  fruit)  of  the  filtered 
solution  are  transferred  to  a  250  cc.  flask  ;  this  solution  is  neutral- 
ized with  soda  as  before  and  the  volume  made  up  to  250  cc.  from 
which  25  cc.  (i  gram  of  fruit)  are  taken  for  the  copper  reduction. 

The  same  method  is  used  with  evaporated  ff uit  products,  as 
with  whole  fruit,  except  that  a  smaller  amount  of  material  is 
taken  for  analysis.     Twenty-five  grams  of  the  finely  cut  material 
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are  treated  with  200  cc.  of  water  for  several  hours  in  a  large 
beaker  until  the  substance  has  swollen  to  a  soft  pulp.  The 
material  is  then  brought  upon  the  muslin  filter,  and  washed  to  2 
liters  as  before. 

With  fruit  jellies,  10  grams  of  the  material  are  dissolved  in 
water,  neutralized,  and  made  to  i  liter. 

Sucrose, — This  was  determined  in  the  majority  of  cases  from 
the  increase  in  the  copper-reducing  power,  after  inversion  with 
hydrochloric  acid.  In  making  the  analysis  the  method  of  pro- 
cedure is  as  follows : 

The  same  amount  of  solution  (juice,  aqueous  extract  of  fniit, 
etc. )  is  taken  as  in  the  determination  of  the  reducing  sugars ; 
one-tenth  its  volume  of  concentrated  hydrochloric  acid  is  added, 
and  the  flask  placed  in  a  water-bath  at  70**  C.  The  contents  of 
the  flask,  after  reaching  a  temperature  of  67 ^-70°  C,  are  kept 
within  this  limit  for  exactly  five  minutes  when  the  solution  is 
cooled,  neutralized,  and  made  up  to  the  same  volume  as  in 
determining  reducing  sugars.  Twenty-five  cc.  of  this  solution 
are  taken  for  the  copper  reduction,  the  calculation  being  made  to 
invert  sugar  as  before.  The  difference  between  the  percentage  of 
invert  sugar  before  and  after  inversion,  multiplied  by  095,  will 
give  the  percentage  of  sucrose. 

Sucrose  has  also  been  determined  in  fruit  juices  by  means  of 
the  polariscope.  52.096  grams  of  juice  are  made  to  100  cc. 
Fifty  cc.  of  this  solution  are  clarified  with  5  cc.  of  lead  subacetate, 
and  the  reading  taken  in  the  200  mm.  tube  at  about  20°  C.  The 
remaining  50  cc.  are  inverted  with  5  cc.  of  concentrated  hydro- 
chloric acid,  as  described  above,  cooled  rapidly  and  diluted  to 
100  cc.  The  reading  is  taken  in  the  200  mm.  tube,  at  the  same 
temperature  as  the  first  solution,  clarifying,  if  necessary,  with 
animal  charcoal.      The   first,  or   direct    reading    increased  by 

o.  I  and  divided  by  2  =  a,  the  invert  reading  =  b,  100-^^ -,= 

142.4  —  a 

percentage  of  sucrose,  /  being  the  temperature  of  the  solutions  at 
time  of  reading. 

Levulose  and  Dextrose, — In  many  cases  a  separate  determina- 
tion of  these  sugars  has  been  made.  Several  courses  of  procedure 
have  been  followed  according  to  conditions. 
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In  the  presence  of  both  dextrose  and  sucrose,  the  levulose  was 
determined  by  the  difference  in  polarization  of  the  solutions  at 
widely  separated  temperatures.*  With  juices,  etc.,  the  pure 
liquid  is  first  clarified  by  means  of  animal  charcoal,  and  the 
polariscope  reading  taken  in  a  200  mm.  tube,  first  at  about  15®  C. 
(v)  and  then  at  about  85®  C.  (v').  The  tube  used  should  be  pro- 
vided with  a  metal  jacket,  through  which  water  of  the  desired 
temperature  is  allowed  to  circulate.  The  percentage  of  levulose 
/  is  calculated  from  the  formula 

~G(/X -0.0323)^ 

V  —  z/  =  the  algebraic  difference  between  the  two  readings  and,  if 
levulose  is  present,  will  always  be  a  minus  quantity,  owing  to  the 
fact  that  the  rotation  of  levulose  solutions  when  heated  is  deflected 
towards  the  right. 

G  =  the  specific  gravity  of  the  liquid. 

/=  the  difference  in  temperature  between  the  readings. 

The  value — 0.0323*  represents  the  deviation  (Ventzke),  for 
each  degree  centigrade  difference  in  temperature,  produced  by 
I  gram  of  levulose  in  100  cc. 

With  fruit  jellies,  etc.,  a  definite  weight  of  the  material  (20  to 

50  grams)  is  dissolved  in  100  cc.  of  water  and  the  solution,  after 

clarifying,  polarized  at  different  temperatures  as  before.     In  this 

«  .  /. .       ,  ,  100  (v  —  z/) 

case  the  percentage  of  levulose,  or  /,  =  .rr, .    . — ^ » 

^  JV(tX  —0.0323) 

W^  being  the  grams  of  substance  in  100  cc. 

Knowing  the  percentage  of  levulose,  and  the  copper-reducing 
power  of  the  solution,  the  percentage  of  dextrose  admits  of  calcu- 
lation. Volumetric  determinations  by  Soxhlet  upon  solutions  of 
invert  sugar  have  shown  that  for  the  same  volume  of  Fehling's 
solution  reduced,  i  part  of  levulose  corresponds  to  0.924  part  of 
dextrose.  Gravimetric  determinations  made  by  the  writer  upon 
pure  solutions  of  invert  sugar  show  a  ratio  somewhat  lower  than 
this,  as  the  following  table  shows.  The  gravimetric  method  of 
Allihn  was  followed : 

»  Sec  Wiley's  "Agricultural  Analysis,"  Vol.  Ill,  pp.  267-273. 

>  This  figure  was  deduced  from  the  general  formula  of  Jungfleisch  and  Grimbert 
which  gives  the  specific  rotatory  power  of  levulose  for  any  temperature  or  concentration. 
The  equation  is  [a]^=—  [101.38—0.56 1  +  0.108  (c—  xo)],  in  which  /  is  the  temperature  of 
the  solution  and  c  the  grams  of  levulose  in  100  cc.  See  I,andolt :  "Dasoptische  Drehungs- 
vemSgen,  2  Anflage,  p.  524. 
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X  a  ,^  Correspondias^  weight       ^ 

Weight  of  Weight  of  invert  Weight  of  of  dextrose  Ratio  of 

sucrose  taken,  sugar  therefrom.  copper.         (Aiiihn's table).       dextroaeto 
Gram.                     Gram.  Gram.  Gram.  invert  sugar. 

0.2300  0.2421  0.4315  0.2313  1.047 

0.1533  O.1614  0.2950  0.1538  IX)49 

0.1150  0.1211  0.2230  0.I148  1.055 

0-0575  0.0605  0.1 1 20  0.0570  1. 061 

It  is  seen  that  the  ratio  of  dextrose  to  invert  sugar  increases 
slightly  as  the  concentration  of  the  solution  diminishes ;  the 
variation,  however,  is  not  suflScient  to  make  any  appreciable  dif- 
ference in  the  calculations.  Taking  the  average  of  the  above 
determinations,  i  part  of  dextrose  could  correspond  to  1.053  P^^ts 
of  invert  sugar  for  the  same  weight  of  copper  reduced.  Since 
invert  sugar  is  made  up  of  equal  parts  of  dextrose  and  levalose, 
I  part  of  dextrose  would  correspond  to  1.106  parts  of  levulose 
for  the  same  amount  of  reduced  copper,  or  i  part  of  le\-ulose 
would  equal  0.90  part  of  dextrose. 

Knowing  the  percentage  of  levulose  the  percentage  of  dextrose 
{d)  may  be  found  from  the  formula 

d=  D  —  0.9/, 

where  Z?  =:  percentage  of  reducing  sugar  as  dextrose  (AUihn's 
method) ,  and  /^=  percentage  of  le\Tilose  as  found  by  polarization. 

In  the  absence  of  sucrose  the  writer  has  calculated  the  percent- 
ages of  dextrose  and  levulose  from  the  rotation  and  copper-redu- 
cing power.  The  factors  necessary  to  know  are  P,  the  specific 
rotatory  power,  and  Z>,  the  percentage  of  reducing  sugars  as 
dextrose. 

To  determine  the  specific  rotatory  power  it  is  necesjsary  to 
know^  the  rotation  of  a  known  amount  of  the  sample  in  a  tube  of 
definite  length.  For  this  purpose  in  the  case  of  fruit  juices,  etc., 
it  is  best  to  read  the  clarified  liquid  directly  in  a  400  mm.  tube ; 
with  more  concentrated  products  20  grams  of  substance  are  dis- 
solved in  water  and  made  to  100  cc.  For  clarification  the  writer 
has  used  animal  charcoal  in  the  majority  of  cases,  though  lead 
subacetate  answers  equally  well  and  in  some  cases  is  found 
necessary.  But  very  little  difference  has  been  noticed  in  the 
rotation  by  these  two  methods  of  clarification,  provided  excess  of 
lead  solution  is  avoided.  In  clarifying  with  lead  the  polariscopic 
reading  must,  of  course,  be  corrected  for  the  dilution.  In  case  of 
a  sugar  polariscope  with  a  Ventzke  scale,  the  reading  must  be 
corrected  to  angular  degrees  by  multiplying  by  the  factor  0.3468. 
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The  formula  for  calculating  the  specific  rotatory  power  in   the 
case  of  liquids  is 

V  =  polariscopic  reading,  Ventzke  scale,  in  400  mm.  tube  at 
20^  C. 

G  =  the  specific  gravity  of  the  solution. 

4  =  the  length  of  the  lube  in  decimeters. 

If  the  material  is  weighed  out  and  made  up  to  loo  cc.  by 
dilution  with  water,  the  formula  becomes 

i>(2o°C.)=5!i^Xioo. 

IV  being  the  grams  of  substance  taken. 

The  specific  rotatory  power  of  a  solution  being  dependent  upon 
the  percentages  and  specific  rotatory  powers  of  its  ingredients, 
we  would  have  for  solutions  containing  dextrose  and  leyulose 
alone,  the  formula 

53^  — 90/=  lOO-P. 

d  and  /  are  the  percentages  of  dextrose  and  levulose,  and  53 
and  —  90  are  their  respective  specific  rotatory  powers,  at  20°  C, 
the  concentration  for  each  sugar  not  exceeding  10  per  cent. 

Substituting  the  formula  d=  D  —  0.9/  in  the  previous  equation 
we  obtain  : 

138 

As  far  as  the  writer  has  been  able  to  compare  them,  these  two 
methods  of  determining  levulose  have  shown  a  very  close  agree- 
ment, as  the  following  example,  in  the  case  of  a  partly  fermented 
cider,  will  illustrate. 

Specific  gravity  of  cider  =  1.0067  =  G, 

Rotation  ^f  cider  at  15°  C,  200  mm.  tube,  Ventzke  scale -= 

—  lO.I®  =  v. 

Rotation  of  cider  at  85°  C,  200  mm.  tube,  Ventzke  scale  = 

-5.5"  =  ^^. 
The  diflference  in  temperature  of  the  two  readings  =  70  =  /. 

Substituting  these  values  in  the  formula 

""'G(/X- 0.0323)' 
we  find  /  =  2.04  per  cent. 
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The  percentage  of  reducing  sugars  as  dextrose  was  2.26  =Z). 
The  rotation  of  the  cider  at  20®  C. ,  400  mm.  tube,  Ventzke  scak, 
=  —  18.8°  =v. 
The  specific  rotatory  power  of  the  cider  from  the  formula 

^(.o»C.)=°-:^, 

is  therefore  —1.62  =  P. 

Substituting  the  above  values  for  D  and   P  in  the  equation 

._SSD-~iooP 

138     "' 

we  find  /  =  2.04  per  cent.,  the  same  as  before. 

The  percentage  of  dextrose  in  the  cider,  calculated  from  the 
formula  d=D'-  0.9/,  is  0.42  per  cent. 

Search, — This  substance  has  been  found  in  all  green  pomaceoos 
fruits  ;  it  no  doubt  occurs  in  other  classes  of  fruits  in  the  early 
periods  of  their  growth,  though  this  is  a  point  which  has  not 
been  as  yet  fully  investigated.  In  the  ripening  of  fruits  the 
starch  is  gradually  converted  into  sugar,  and  this  process  con- 
tinues even  after  picking  until  no  vestige  of  starch  remains.  A 
determination  of  starch  is,  of  course,  only  necessary  when  its 
presence  is  indicated  by  the  iodine  reaction. 

The  estimation  of  starch  in  fruits,  depending  as  it  does  upon  its 
conversion  into  dextrose,  offers  special  difficulties,  owing  to  the 
large  amount  of  reducing  sugars  present,  and  the  first  step  in  any 
process  of  analysis  must  consist  in  the  removal  of  all  the  sugars 
before  the  conversion  of  the  starch  is  attempted.  The  process 
usually  recommended  consists  in  washing  a  weighed  amount  of 
the  pulp  either  directly  upon  a  filter,  or  by  decantation  upon  the 
same,  until  all  the  sugars  are  removed.  This  method  of  procedure 
has  been  found  by  the  writer  to  be  extremely  tedious,  owing  to 
the  large  amount  of  washing  required  and  to  the  tendency  which 
the  pectinous  and  gummy  matters  of  the  fruit  have  of  clogging 
the  filter. 

The  following  process  adopted  by  the  writer  avoids  in  great 
measure  this  difficulty  and,  as  it  is  carried  out  directly  in  connec- 
tion with  the  sugar  determination,  effects  a  considerable  saving 
of  time. 

100  grams  of  the  finely-grated  pulp  are  washed  uppn  a  muslin 
filter  with  repeated  quantities  of  cold  water,  until  the  filtrate 
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amounts  to  s  liters  ;  the  muslin  is  squeezed  after  each  addition 
of  water,  as  already  described  under  the  determination  of  sugar. 
In  this  way  practically  all  of  the  starch  is  washed  out  of  the  pulp. 
The  filtrate,  after  being  well  mixed,  is  transferred  to  a  tall  beaker 
or  cylinder,  where  it  is  covered  and  allowed  to  stand  in  a  cool 
place  over  night.  The  finely  suspended  particles  of  starch  will 
have  completely  settled  by  this  time  to  the  bottom  of  the  vessel, 
forming  a  compact  mass.  The  liquid  above  the  starch  is  then  re- 
moved by  means  of  a  siphon  or  decantation  down  to  within  a  short 
distance  of  the  precipitate ;  this  solution  may  be  used  for  the 
determination  of  sugars  and  malic  acid. 

The  precipitate  of  starch  is  transferred  with  small  quantities  of 
cold  watei;  to  a  hardened  filter-paper  and  washed  to  remove  the 
last  traces  of  sugar  :  100  cc.  of  water  are  usually  suflScient  for 
this.  The  starch  thus  prepared  consists  of  a  white  crumbly  mass, 
but  is  not  perfectly  pure,  owing  to  the  presence  of  some  cellular 
and  albuminoid  matter.  The  starch  might  be  determined  at  this 
stage  with  sufficient  accuracy  by  direct  inversion  with  hydro- 

■ 

chloric  acid  as  in  the  Sachsse  method,  but  the  writer  has  pre- 
ferred to  use  the  more  exact  process  of  first  hydrolyzing  with 
diastase. 

A  starch  determination  by  means  of  the  diastase  method  should 
also  be  made  upon  the  residue  left  on  the  muslin  filter  after  the 
washing,  in  case  the  latter  should  show  any  reaction  with  iodine. 
The  writer  has  never  found  the  residues  to  yield  more  than  o.  i 
or  0.2  per  cent,  of  starch  upon  the  original  pulp,  so  that  the 
determination  is  rarely  necessary  if  the  washing  has  been  properly 
performed. 

The  official  diastase  method*  was  followed  throughout,  except 
as  regards  the  neutralization  after  the  inversion  with  hydrochloric 
acid.  The  writer  has  always  preferred  a  10  per  cent,  solution  of 
sodium  hydroxide,  using  phenolphthalein,  instead  of  sodium 
carbonate  as  prescribed  in  the  official  method  ;  the  troublesome 
frothing  incident  to  the  use  of  the  latter  substance  is  thus 
avoided. 

Marc, — This  represents  that  part  of  the  fruit,  which  is 
insoluble  in  water.  It  is  best  found  in  connection  with  the  sugar 
determination  ;  the  residue  left  upon  the  muslin  filter  after  the 

1  Biilletin  No.  46,  revised  edition,  U.  S.  Department  of  Agriculture,  Division  of 
Cliemlstry. 
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washing,  is  transferred  to  a  dish  and  dried  to  a  constant  weight 
at  loo^  C.  With  the  exception  of  a  trace  of  ash  and  albuminoid 
matter,  the  marc  of  apples  was  found  to  consist  almost  ^vholly  of 
cellulose,  lignin,  and  pentosans. 

In  case  the  percentages  of  the  different  marc  constituents  are 
desired,  the  pentosans  are  best  determined  by  distilling  a  weighed 
amount  of  the  dry  marc  with  successive  quantities  of  12  percent, 
hydrochloric  acid,  and  precipitating  the  furfurol  in  the  distillate 
by  means  of  phloroglucin.^  The  cellulose  is  separated  from  the 
other  marc  constituents  by  the  chlorination  process  of  Cross  and 
Bevan.'  The  lignin'  bodies  are  estimated  by  the  difference 
between  the  cellulose  and  pentosans  and  total  marc,  after  cor- 
recting for  the  slight  quantities  of  ash  and  albuminoid  matter. 

Malic  and  Acetic  Acids, — No  attempt  was  made  by  the  writer  to 
separate  the  various  fruit  acids  in  the  analyses  previously  tabu- 
lated. The  free  acid  was  determined  in  every  case  by  titration 
^ith  decinormal  soda,  and  calculated  to  malic  acid.  Besides  the 
free  organic  acid,  a  considerable  amount  of  the  fruit  acids  exists 
in  a  combined  form  ;  the  amount  of  this  can  be  estimated  from 
the  alkalinity  of  the  ash.  In  case  of  ciders  and  vinegars,  where 
acetic  acid  is  present,  the  latter  is  first  removed  by  steam  distilla- 
tion, and  determined  by  titration  with  decinormal  soda  solution ; 
the  distillation  should  be  continued  until  50  cc.  of  the  distillate 
shows  a  neutral  reaction.  The  solution  left  in  the  flask  after  the 
steam  distillation  is  then  titrated  and  calculated  to  malic  acid  as 
before. 

Pectin, — This  was  determined  by  evaporating  a  definite  amount 
of  the  fruit  extract,  juice,  etc.,  to  a  small  volume  and  precipi- 
tating with  a  large  excess  of  95  per  cent,  alcohol.  After  stand- 
ing over  night  the  precipitate  was  collected  in  a  Gooch  crucible, 
and  washed  with  alcohol  to  remove  all  sugar.  The  precipitate 
was  then  dried  at  100°  C.  to  constant  weight,  and  after  incinera- 
tion the  weight  of  ash  deducted  and  the  loss  estimated  as  pectin. 

Other  ingredients  given  in  the  preceding  tables,  such  as  fat, 
protein,  etc.,  were  determined  according  to  the  official  methods 
of  the  agricultural  chemists,  and  require  no  special  description. 

1  Por  full  description  of  the  pbloroglttcin  method  for  pentosans,  see  Bulletin  Na  46. 
revised  edition,  U.  8.  Department  of  Agriculture,  Division  of  Chemistry,  p.  25. 
s  Cross  and  Bevan:  "Cellulose,**  p.  95. 
3  See  article  by  Sherman :  This  Journal,  19,  305. 
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TWO  new  alkaloids  under  the  names  /v-eucaine  and  >^-eucaine 
have  recently  been  offered  to  the  medical  and  dental  profes- 
sions for  use  as  a  local  anesthetic.  There  is  scarcely  a  reference  to 
either  in  any  strictly  chemical  journal  but  their  use  and  physio- 
logical properties  have  been  very  fully  discussed  in  medical 
and  pharmaceutical  publications.  Although  they  are  proprie- 
tary drugs  the  fact  that  /9-eucaine  is  so  often  substituted  for 
cocaine,  in  dental  preparations,  hay  fever  remedies,  and  other 
proprietary  medicine,  makes  it  highly  desirable  that  their  distinct- 
ive properties  be  carefully  studied  and  that  methods  be  found  for 
their  identification  and  separation  from  cocaine  and  other  alka- 
loids. It  was  owing  to  the  fact  that  I  was  called  upon  to  analyze 
a  special  dental  preparation  containing  eucaine  that  my  attention 
was  first  called  to  the  existence  of  the  alkaloid,  and  I  was  greatly 
handicapped  by  the  silence  of  chemical  literature  upon  the 
subject. 

or-Eucaine  was  first  obtained  by  George  Merling''  by  synthesis 
from  triacetonamine  through  triacetonamincyanhydrin  to  triace- 
tonalkamincarbonic  acid,  which,  by  the  action  of  benzoyl  chloride 
and  subsequent  action  of  methyl  iodide  in  caustic  potash  solu- 
tion, becomes*  «-methylbenzoyltetramethyl->'-oxypiperidincar- 
bonic  acid  methylester  or  **ar-eucaine'\  This,  when  treated  with 
hydrochloric  acid,  acts  like  other  alkaloids  forming  a  hydrochlo- 
ride, in  which  form  it  is  prepared  and  sold. 

>S-Eucaine  was  discovered  by  Albrecht  Schmidt  and  George 
Merling*  and  was  obtained  by  purifying  the  vinyldiacetonalk- 
amine  of  Fischer*  and  substituting  a  benzoyl  group  for  the  hydro- 
gen atom  of  the  hydroxyl.  Thus  **/?-eucaine*'  or  benzoylvinyldi- 
acetonalkamine,  is  also  an  alkaloid  which,  when  treated  with 
hydrochloric  acid,  forms  the  hydrochloride. 

It  will  be  seen  from  the  structural  formulas  of  a-  and  ^-eucaine 

1  Read  at  the  Denver  meeting  of  the  American  Chemical  Society,  August  39,  1901. 

«  Apoik.  Zig.,  (1896),  p.  293,  418,  44«. 

s  Virchow's  Archives/ur  path.  Anat.  und  Phys,y  (1896),  vol.  14s. 

4  Btr.  d.  ckem,  Ges.,  17,  1894. 


886  CHARLES  LATHROP  PARSONS. 

that  they  have  a  close  relation  to  cocaine  and  to  tropacocaine. 

o-Eucaine.  /3-Eucaine. 

C,H,COO       COOCH,  C,H,COO,,^H 

C  C 

h/   !  ^H  H/  \h 

CH,/    \/       X:H3  CH/    \        /    ^CH, 

N  N 


I 
CH,  H 

It  was  this  close  chemical  connection  which  led  to  the  belief  that 
they  would  show  similar  anesthetic  properties. 

It  is  not  the  purpose  of  this  paper  to  enter  into  a  discussion  of 
the  physiological  and  therapeutic  effects  of  the  eucaines  but  it  is 
not  out  of  place  to  state  that  the  chief  claims  of  their  superiority 
over  cocaine  are  that  they  are  far  safer  to  use,  that  they  cause  no 
excitation  of  the  heart's  action,  that'y^-eucaine,  especially,  is  some 
four  or  five  times  less  toxic,  that  they  have  equal  analgesic  power 
with  cocaine,  that  they  do  not  decompose  by  boiling  and  their 
hydrochlorides  can  hence  be  easily  sterilized,  and  that  their  solu- 
tions will  keep  for  an  indefinite  time  without  decomposition.  The 
quite  extended  use  of  )^-eucaine  would  seem  to  show  that  many 
of  these  claims  have  been  substantiated.  It  would  be  well  to  add 
that  or-eucaine  has  at  times  an  irritating  action  or*smarting  effect 
of  its  own  before  anesthesia  sets  in,  which  has  rendered  its  ac- 
ceptance and  use  somewhat  doubtful.  It  is  claimed  that  this  is 
absent  with  /9-eucaine  or  at  least  is  no  more  often  the  case  than 
with  cocaine,  /^-eucaine  is  the  one  that  is  almost  exclusively 
used  and  the  firm  which  manufactures  both  furnishes  only  /5-eu- 
caine  when  "eucaine**  alone  is  called  for.  Accordingly  almost 
all  preparations  on  the  market  consisting  in  part  of  eucaine  con- 
tain /9-eucaine  hydrochloride  and  the  question  of  analysis  would 
generally  be  a  distinction  between  this  salt  and  cocaine. 

To  establish  means  of  identification  of  eucaine,  all  the  well- 
known  reactions  of  the  alkaloids  have  been  tried  and  I  have  en- 
deavored to  find  new  ones  applicable  to  this  particular  case. 

In  general  the  properties  of  the  eucaine  a^aloids  follow  those 
of  the  strychnine  group  and  especially  do  they  very  dosdy 
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resemble  cocaine.  The  bases  themselves  are  readily  soluble  in 
benzene,  chloroform,  ether,  chloroform-ether,  petroleum  ether  or 
gasoline,  and  amyl  alcohol.  They  can  be  easily  extracted  from 
their  salts  by  rendering  their  solutions  in  water  slightly  alkaline 
with  ammonia  and  shaking  out  with  any  of  the  above  solvents. 
This  extraction  is,  however,  most  rapidly  accomplished  with 
light  petroleum  distillates  or  with  ether.  a-Eucaine  melts  at 
103®,  y^-eucaine  at  91*^,  and  cocaine  at  98®.  In  following 
out  any  scheme  of  analysis  of  the  alkaloids  they  will  prob- 
ably always  be  found  where  cocaine  would  be  expected  and 
their  identification  becomes  essentially  a  separation  from  each 
•other  and  cocaine,  a-  and  >5-eucaine  are  sold  in  the  form  of  their 
hydrochlorides  and  it  is  upon  this  salt  that  most  of  the  tests  for 
their  identification  should  be  made.  As  usually  prepared,  or-  and 
/?-eucaine  hydrochlorides  are  white  powders,  identical  in  appear- 
ance.    They  are,  however,  easily  crystallizable. 

A-Eucaine  hydrochloride  melts  at  about  200®  C.  and  decomposes 
at  the  same  time.  It  is  soluble  at  ordinary  temperatures  in  about 
ten  times  its  weight  of  water,  solubility  varying  with  temperature. 
It  is  more  soluble  in  hot  water,  from  which  it  crystallizes  out  to 
an  approximately  10  per  cent,  solution  on  cooling.  It  is  soluble 
in  about  its  own  weight  of  alcohol,  10  grams  requiring  from  8  to  9 
^ams  of  alcohol  for  solution.  It  is  but  slightly  soluble  in  ether 
•or  olive  oil,  but  glycerol  dissolves  it  much  the  same  as  water. 

/^-Eucaine  hydrochloride  melts  at  268^  C.  with  decomposition. 
At  ordinary  temperatures  it  is  soluble  in  water  to  the  exteht  of 
about  3  per  cent. ,  but  is  more  than  twice  as  soluble  in  hot  water 
from  which  most  of  the  excess  crystallizes  slowly  after  cooling. 
Its  solubility  in  alcohol  is  greater  than  in  water  or  about  1 1  per 
•cent. ,  varying  somewhat  with  the  temperature.  This  compara- 
tive insolubility  is  one  of  its  chief  characteristics  especially  differ- 
ing from  cocaine  hydrochloride  which  dissolves  in  less  than  its 
own  weight  of  either  water  or  alcohol.  It  is  almost  insoluble  in 
•ether  or  olive  oil. 

REACTIONS   IN    WHICH     THE    HYDROCHLORIDES   OF  flf-EUCAINE, 

>S-EUCAINE  AND  COCAINE  ACT  ALIKE. 

Mayer's  reagent  gives  with  either  a-  or  >^-eucaine  a  light 
yellowish  amorphous  precipitate. 

Wagner's  reagent  gives  a  voluminous  reddish  brown  precipi- 
tate even  in  dilute  solutions. 
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Tannic  acid  (i  :  lo)  gives  no  precipitate  or  only  a  very  slight 
transparent  floccuiency.  * 

Picric  acid  (i  :  loo)  yields  a  fine  lemon-yellow  precipitate,  in 
solutions  stronger  than  i  per  cent.,  which  is  soluble  in  acids,  but 
in  dilute  solutions  yields  no  precipitate.  Even  in  moderately 
strong  solutions  the  precipitate  formed  bj'  the  first  drop  or  two 
of  reagent  redissolves.  The  precipitate  with  a-eucaine  is  more 
insoluble  than  either  of  the  others,  and  comes  down  accordingly, 
in  somewhat  more  dilute  solutions. 

Iodine  in  alcohol  yields  a  brown  precipitate  soluble  in  excess. 

Frohde's  reagent  (sulphomolybdic  acid)  gives  no  precipitate. 

Mercuric  chloride  ( i  :  20)  gives  no  precipitate  in  dilute  solution 
but  in  moderately  strong  solutions  gives  a  fine  white  precipitate, 
easily  soluble  in  excess. 

Ferric  chloride  and  potassium  ferricyanide  mixed  give  no  pre- 
cipitate except  a  white  one  in  strong  solutions.  Allen*  states  that 
cocaine  gives  a  precipitate  of  Prussian  blue,  but  I  have  not  been 
able  to  obtain  it.  Ferric  chloride  is  stated  by  some  authors  to 
turn  red  on  boiling  one  or  two  drops  of  a  dilute  solution  with 
cocaine,  owing  to  the  formation  of  benzoate  of  iron.  But  as  it 
also  turns  red  with  either  of  the  eucaines  or  simply  with  distilled 
water  the  reaction  is  of  no  value.  It  gives  no  precipitate  even  in 
strong  solution. 

Cadmium  iodide  gives  a  white  precipitate. 

Potassium  ferrocyanide  gives  in  solution  of  about  10  percent, 
a  slight  colorless  gelatinous  precipitate.  A  saturated  solution  of 
/^-eucaine  does  not  yield  this  precipitate  probably  because  the 
solution  is  too  weak. 

Potassium  ferricyanide  gives  a  white  precipitate  in  moderately 
strong  solutions,  which  is  more  easily  thrown  down  if  solution  is 
acid  with  hydrochloric  acid. 

Potassium  bromide,  chloride,  or  bromate  give  no  reaction. 

If  a  few  drops  of  a  solution  of  either  of  the  hydrochlorides  of 
OC'  or  y^-eucaine  or  cocaine  be  acidified  with  strong  nitric  add, 
evaporated  to  dryness  in  a  watch-glass,  and  treated  with  i  or  2 
drops  of  a  solution  of  alcoholic  potash,  a  very  characteristic  odor 
of  benzoic  ethyl  ester  is  obtained.  This  reaction  would  probably 
also  be  given  with  other  alkaloids  containing  the  benzoyl  group. 

1  "  Commercial  Organic  Analysis,"  Vol.  Ill,  part  II,  p.  275. 
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REACTIONS  CHARACTERISTIC  OF  a-EUCAINE  SAWS. 

Potassium  iodide  (i :  10)  gives,  in  even  moderately  dilute  solu- 
tions of  a-eucaine  hydrochloride,  a  white  silky  and  glistening 
precipitate.  This  precipitate  has  much  the  same  appearance  as 
the  one  obtained  when  stannous  chloride  is  added  to  a  cold  dilute 
solution  of  mercuric  chloride.  /?-Eucaine  and  cocaine  give  no 
reaction. 

Ammonia,  even  in  dilute  solution,  precipitates  the  bases  a-  or 
>8-eucaine  or  cocaine,  but  a-eucaine  is  almost  insoluble  in  excess. 
In  I  per  cent,  solution  the  white  precipitate  is  at  once  thrown 
down,  and  in  the  case  of  y^-eucaine  or  cocaine  dissolves  immediately 
on  addition  of  about  their  own  volume  of  strong  ammonia. 
a-Eucaine,  so  precipitated,  can  be  diluted  at  least  ten  times  with 
strong  ammonia  without  solution.  In  stronger  solutions  the 
difference  still  exists  but  is  not  so  easily  recognized.  A  3  per 
cent,  solution  of  )9-eucaine  or  cocaine  requires  about  five  times 
its  own  volume  of  ammonia  to  be  dissolved  and  stronger  solu- 
tions much  in  proportion  to  the  per  cent,  present.  In  other  words 
a  strong  solution  of  ammonia  will  dissolve  about  one-half  of  one 
per  cent,  of  the  bases  /?-eucaine  or  cocaine,  while  it  will  dissolve 
but  a  very  small  fraction  of  a  per  cent,  of  ar-eucaine.  In  dilute 
solutions  this  is  a  very  characteristic  reaction  for  or-eucaine  and 
strong  solutions  are,  of  course,  very  easily  rendered  dilute  for  the 
test. 

Potassium  dichromate,  in  strong  solution,  added  drop  by  drop 
to  a  0.5  to  I  pet  bent,  solution  of  ar-eucaine,  begins  to  throw  down 
a  fine  lemon^yeSl6f^-^5^ecipitate  after  addition  of  i  or  2  drops. 
The  precipitate  is  then  much  increased  by  i  or  2  drops  of  strong 
hydrochloric  acid,  and  is  then  quite  insoluble,  dissolving  only  after 
several  times  diluting  the  volume  of  the  solution.  With  stronger 
solutions  the  precipitation  takes  place  at  once,  the  first  drop 
giving  a  more  and  more  permanent  precipitate  as  the  solution 
grows  stronger.  The  precipitate  is  notably  insoluble  in  either 
water  or  hydrochloric  acid.  More  dilute  solutions  either  show 
no  precipitate  or  only  after  addition  of  hydrochloric  acid.  Cocaine, 
1  per  cent,  solution,  is  not  precipitated  by  potassium  dichromate, 
but  the  addition  of  i  or  2  drops  of  concentrated  hydrochloric  acid 
throws  down  a  yellow  precipitate  easily  soluble  in  very  slight 
excess  of  hydrochloric  acid  or  on  dilution  of  the  solution  with 
water.     Weaker  solutions  do  not  precipitate  while  stronger  solu- 
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tions  precipitate  at  once.  The  precipitate  is,  however,  easily 
soluble  as  before.  /5-Eucaiae  acts  like  cocaine.  The  precipitate 
in  all  cases  is  lemon-yellow.  The  a-eucaine  precipitate  is  quite 
crystalline.  All  three  may  throw  down  a  small  amount  of  a 
yellow  colloidal  precipitate  which  sticks  to  the  side  of  the  test- 

• 

tube  and  dissolves  but  slowly,  although  this  in  no  wise  inter- 
feres with  the  test  and  does  not  take  place  if  reagents  are  added 
slowly.  While  this  test  depends  upon  the  very  much  greater  in- 
solubility of  the  tf-eucaine  salt,  the  non-precipitation  in  dilute 
solutions  of  a  certain  strength  until  after  the  addition  of  hydro- 
chloric acid  is  quite  characteristic  for  all.  The  correct  strength 
is  about  0.5  per  cent,  solution  of  ar-eucaine  and  about  i  per  cent, 
for  )^-eucaine  and  cocaine.  In  the  case  of  cocaine  and  )5-eucaine^ 
the  test  may  be  conveniently  applied  by  precipitating  a  stronger 
solution  than  i  per  cent,  with  potassium  dichromate  solution, 
diluting  carefully  with  water  until  precipitate  just  dissolves.  On 
addition  of  a  drop  of  concentrated  hydrochloric  acid  the  precipi- 
tate will  at  onde  re-form.  This  can  not  be  done  with  a-eucaine 
for  precipitate  once  formed  it  is  difficult  to  get  it  to  dissolve  at  all. 
Chromic  acid  ( i  :  20)  acts  similarly  to  the  dichromate. 

REACTIONS  OF  COCAINE  DISTINGUISHING  IT  FROM  EITHER 
or-  OR  y^-EUCAINE  OR  FROM  BOTH. 

If  a  small  amount  of  cocaine  hydrochloride  be  rubbed  up  with 
dry  mercurous  chloride  (calomel),  and  then  moistened  with  alco- 
hol, it  rapidly  turns  to  a  grayish  black.  a-Eucaine  hydrochloride 
becomes  slowly  a  dark  gray.  >5-Eucaine  hydrochloride  is  not 
affected. 

Platinic  chloride  throws  down  slowly  a  yellow  crystalline  pre- 
cipitate from  a  i  per  cent,  solution  of  cocaine  hydrochloride 
which  is  insoluble  in  hydrochloric  acid,  a-  and /^-eucaine  hydro- 
chloride in  I  per  cent,  solution  are  not  altered.  In  stronger 
solutions  all  three  hydrochlorides  are  immediately  precipitated  by 
platinic  chloride  but  the  cocaine  precipitate  is  not  soluble  in  hy- 
drochloric acid  while  the  precipitates  by  either  eucaine  are  at  once 
dissolved. 

F.  Giezel^  has  pointed  out  that  the  permanganate  of  cocaine  is 
much  more  stable  than  that  formed  by  most  other  alkaloids. 
This  fact  gives  rise  to  one  of  its  most  distinguishing  reactions. 

1  Fharm.  Ztg.^  p.  132  (18S6). 
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The  test  is  best  applied  upon  a  microscopic  slide  or  in  a  small 
watch-glass.  A  drop  of  a  solution  of  the  hydrochloride  is  placed 
upon  the  glass  and  a  very  small  drop  of  a  solution  of  potassium 
permanganate  is  added.  If  the  solution  is  strong  enough  for  a 
precipitate  to  appear  at  once  the  change  can  be  observed  on  the 
precipitate  but  it  is  preferable  to  watch  the  change  of  color  of  the 
solution  itself.  With  either  of  the  eucaines  the  color  almost  im- 
mediately begins  to  change  to  brown  while  with  pure  cocaine  the 
original  color  holds  generally  for  fully  half  an  hour  but  also 
eventually  changes  to  brown.  The  cocaine  precipitate  examined 
under  the  microscope  is  a  beautiful  violet-red  which  also  in  time 
turns  to  brown.  This  is  true  of  the  eucaine  precipitates  at  first 
but  they  rapidly  change  to  brown.  Excess  of  permanganate 
should  be  avoided. 

Cocaine  hydrochloride  in  solution  in  either  water  or  alco- 
hol polarizes  light  strongly  to  the  left.  Antrich*  states  that 
this  is  the  best  test  for  the  purity  of  the  salt.  According  to  this 
authority  for  aqueous  solution  5^= — 52.2  and  for  solution  in 
alcohol  of  0.9355  sp.  gr.,  Sj  =  — 68.06.  A  solution  of  the 
hydrochlorides  of  either  a-  or  y^-eucaine  does  not  polarize  light. 

Cocaine  when  used  in  the  eye  almost  always  causes  mydriasis. 
>^-Eucaine  does  not  dilate  the  pupil. 

REACTIONS    CHARACTERISTIC    OF    /J-EUCAINE    HYDROCHI.ORIDE. 

The  chief  characteristic  property  of  >^-eucaine  hydrochloride  is 
its  comparative  insolubility  in  water  and  alcohol  and  it  is  readily 
distinguished  from  cocaine  by  this  property.  A  small  test  sample 
of  cocaine  hydrochloride,  if  moistened  with  its  own  volume  of 
alcohol  or  water,  dissolves  at  once,  while  /J-eucaine  hydrochloride 
is  little  affected.  In  making  the  test,  however,  where  weighed 
quantities  are  not  used  it  should  be  remembered  that  even  >5-eucaine 
is  soluble  to  the  extent  of  1 1  per  cent,  in  alcohol  and  a  too  large 
amount  of  the  solvent  should  not  be  used.  Just  enough  to 
moisten  is  all  that  is  necessary  to  dissolve  cocaine  or  ar-eucaine 
hydrochloride. 

No  chemical  reactions  of  a  positive  character  have  been  found 
characteristic  of  /J-eucaine,  but  the  results  with  permanganate, 
mercurous  chloride,  platinic  chloride,  and  polarized  light,  will 
identify  cocaine,  while  the  tests  with  potassium  iodide,  potassium 

1  B^r.  d.  chem.  Ges.,  ao,  310. 
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chromate  and  ammonia  will  distinguish  it  from  a-eucaine.  These 
with  the  other  reactions  noted  will  serve  to  separate  it  from 
other  alkaloids. 

MICROSCOPIC  CHARACTERISTICS. 

A  careful  examination  of  many  of  the  precipitates  which  the 
various  reagents  yield  with  either  of  the  eucaines  or  with  cocaine 
failed  to  disclose  any  special  characteristic  of  value.  Many  of 
them  are  beautifully  crystalline  and  give  striking  displays  of 
color  with  polarized  light,  but  they  vary  too  much  with  different 
conditions  to  be  used  with  certainty  as  a  means  of  identification. 
An  examination  of  the  alkaloids  themselves  as  precipitated  by 
ammonia  and  crystallized  from  chloroform  also  give  negative 
results.  Fortunately,  however,  the  hydrochlorides,  when  pure, 
are  easily  identified  under  the  polarizing  microscope  and  espe- 
cially is  cocaine  hydrochloride  recognizable  at  once. 

The  slides  are  best  prepared  by  allowing  a  drop  of  an  aqueous 
solution  to  spontaneously  evaporate.  Cocaine  under  these  condi- 
tions does  not  always  crystallize  at  once  even  when  quite  dry.  But 
if  set  aside  for  a  few  hours  the  crystals  will  form  and  the  peculiar 
feathery  and  fan-shaped  radiations,  resembling  very  closely  those 
seen  on  a  broken  nodule  of  wavellite,  are  recognizable  even  with 
the  naked  eye.  The  examination  is  most  satisfactorily  performed 
with  a  magnifying  power  of  about  250  diameters. 

a-Eucaine  hydrochloride  in  saturated  solution  tends  to  crystallize 
in  little  spots  which,  under  polarized  light,  look  like  very  highly 
colored  rosettes  made  up  of  very  small  crystals,  so  that  the  field 
is  always  bright,  never  showing  any  constancy  of  extinction 
directions.  On  edges  of  drop,  the  rosettes  sometimes  show  small 
feathery  forms  of  crystals  of  which  the  extinction  directions  vary 
but  are  more  often  diagonal.  A  5  per  cent,  solution  gives  much 
the  same  result.  The  rosettes  frequently  appear  to  be  made  up 
of  concentric  rings  of  very  small  crystals,  the  center  of  rosettes 
being  thicker  than  edges  and  only  the  edges  showing  plate  or 
feather  forms  large  enough  to  be  examined  as  individuals.  Inter- 
ference colors  are  very  bright.  When  crystallized  from  dilute 
solution  the  rosette  forms  may  become  very  small  and  numerous, 
covering  the  entire  field  while  the  interference  colors  are  only 
gray  or  black.     The  forms  of  gray  and  black  overlying  feathers 
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are  at  times  very  prominent  in  a-eucaine  and  resemble  nothing  so 
closely  as  the  small  feathers  of  Plymouth  Rock  poultry. 

>5-Eucaine  hydrochloride  from  saturated  solution  shows  broad 
feathery  or  fern-like  forms,  sometimes  blade-like  or  tabular. 
Usually  the  tabular  forms  show  concentric  rings  of  high  color 
around  the  edges  and  the  extinction  directions  are  easily  deter- 
mined. They  are  usually  slightly  oblique  to  the  main  axis  of  the 
crystal,  but  different  crystals,  show  two  separate  angles  of  extinc- 
tion, one  being  the  complement  of  the  other  and  due  to  the  fact 
that  the  individuals  are  viewed  from  opposite  sides.  The  forms 
already  mentioned  are  more  apt  to  be  found  around  the  outer 
edge  of  the  evaporated  drop  while  the  center  is  made  up  of  iso- 
lated individuals  which  show  brilliant  tabular  and  prismatic  forms 
sometimes  quite  small  and  rod-like.  Rarely  they  are  diamond- 
shaped.  These  diamond-shaped  forms  sometimes  show  extinc- 
tion directions  symmetrical  to  the  main  axis,  but  more  often 
slightly  oUique.  The  individual  crystals  are  large  and  much 
more  easily  studied  than  those  of  ar-eucaine.  If  more  dilute  solu- 
tions of  less  than  1.5  per  cent,  are  used,  the  characteristics  do  not 
come  out  so  plainly,  the  crystal  forms  being  smaller  and  showing 
very  low  interference  colors,  mainly  light  grays.  Also  these 
sometimes  show  feathery  forms  and  rosette  forms  something  like 
a-eucaine. 

Cocaine  hydrochloride  in  10  per  cent,  to  i  per  cent,  solution 
crystallizes  in  fan-like  shapes.  A  2  per  cent,  solution  gives  a 
solid  field  of  radiating  forms,  the  individuals  of  which  resemble 
very  closely  the  forms  sometimes  seen  on  a  frosted  window. 
Extinction  is  parallel  and  perpendicular  to  the  main  axis  of  the 
crystals.  Colors  are  brilliant  and  the  whole  field  is  characteristic, 
enabling  one  to  distinguish  cocaine  immediately.  With  dilute 
solutions  the  fan-like  shapes  are  still  marked,  but  the  field  is 
sometimes  broken  and  interference  colors  are  a  low  order  of  light 
grays. 

In  conclusion  it  is  perhaps  well  to  suggest  that  in  working  on 
unknown  substances  all  tests  for  eucaine  and  cocaine,  as  with 
other  alkaloids,  are  much  more  valuable  when  compared  with 
those  of  samples  whose  identity  is  known. 

NBW  HAlfPBHIS.B  COLLBOB. 


SOME  HYDR0CHLORATED  SULPHATES. 

By  CHARI.BS  Baskervii^le. 
Received  August  i6. 190Z. 

SMITH  and  TunnelP  have  published  experiments  on  the  removal 
of  the  acid  radical  in  sodium  and  potassium  sulphates  by 
gaseous  hydrochloric  acid  under  the  influence  of  heat.  The 
volatilization,  rather  substitution,  of  sulphuric  acid  by  hydro- 
chloric acid  has  been  pointed  out  in  papers  presented  before  the 
North  Carolina  Section  by  the  writer.  Heusgen*  had  previously 
noted  that  gaseous  hydrochloric  acid  acted  upon  potassium  sul- 
phate cold.  Prescott'  observed  substitution  when  the  same  salt 
and  concentrated  hydrochloric  acid  were  evaporated  together. 
Smith  obtained  addition  products,  i.  e,,  IC^SO^.^HCl  {x  not 
stated),  in  the  course  of  the  reaction,  but  a  complete  elimination 
of  the  sulphuric  acid  was  not  observed.  The  reaction  is  attributed 
to  mass  action.  ^ 

Our  observations  on  somewhat  similar  reactions  were  made 
with  salts  of  zinc,  cadmium,  and  mercury.  The  experiments 
demonstrate  without  doubt  the  effect  of  mass  action,  but  time, 
temperature,  and  the  removal  from  the  sphere  of  action  of  certain 
agents  involved  have  a  decided  influence  on  the  observed  changes. 

The  degree  of  substitution  depends  entirely  upon  the  tempera- 
ture and  time  of  the  action  as  well  as  mass.  The  preparation  of 
new  bodies  like  these  is  of  no  great  importance.  The  point  of 
interest  rests  in  the  graduated  substitution  of  water  by  hydro- 
chloric acid,  molecule  for  molecule,  in  crystalline  bodies.  This 
substitution  may  throw  some  light  upon  the  discussed  **molecular 
compounds.'* 

MERCURIC  COMPOUNDS. 
(With  I«ionel  Weil.) 

According  to  Berzelius,  if  a  stream  of  hydrochloric  acid  gas  be 
passed  over  mercuric  sulphate,  mercuric  chloride  and  sulphuric  add 
will  result.  Ditte*  states  that  if  gentle  heat  be  applied,  the  mercu- 
ric sulphate  combines  with  hydrochloric  acid,  melts  and  snow- 
white  crystals  of  HgSO^.HCl  are  sublimed.  Further  the  same 
compound  may  be  obtained  by  evaporating  mercuric  sulphate 
and  concentrated  hydrochloric  acid,   or  mercuric  chloride  and 

1  This  Journal,  ai,  930  (1899). 

«  Ber.  d.  ckem.  Ges.^  p.  1671  (1876). 

»  Chem.  News^  36,  178. 

♦  Ber.  d.  chem.  Ges.,  la,  361  (1879). 
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sulphuric  acid  with  i  molecule  of  water.     By  gentle  heat,  white 
needle  crystals  are  obtained. 

The  experiments  were  repeated  successfully  in  the  following 
way  :  Twenty  grams  mercuric  sulphate  were  treated  with  20  cc. 
concentrated  hydrochloric  acid  in  a  porcelain  dish,  the  excess  of 
acid  being  first  driven  off  by  a  free  flame  ;  the  substance  was 
dried  on  a  sand-bath  and  sublimed  at  240°  C.  into  a  funnel, 
through  which  a  rapid  stream  of  air  was  drawn.  The  crystalline 
sublimate  was  treated  in  turn  with  alcohol  and  a  mixture  of  alco- 
hol and  ether  to  remove  the  free  acid  and  mercuric  chloride  and 
sulphate.  The  insoluble  portion  was  not  affected  by  hydrochloric 
add  and  was  only  slightly  soluble  in  nitric  acid.  It  was  fused  with 
sodium  carbonate,  leached,  and  the  chlorine  determined. 

Calculated  for 
HgS04.HCl.  Pound. 

Chlorine 10.67  10.81 

The  yield  was  small  and  not  improved  by  varying  the  amounts 
of  the  substances  used. 

In  following  out  another  method  for  preparing  hydrochlorated 
mercuric  sulphate,  namely,  by  gently  heating  the  mercuric  sul- 
phate in  a  stream  of  dry  hydrochloric  acid,  only  a  small  amount 
of  the  substance  was  obtained.  A  new  white,  crystalline,  very 
deliquescent  body  was  obtained  however  which  proved  on  analy- 
sis to  be  the  dihydrochlorated  body,  which  is  very  soluble  in 
water. 

Calculated  for 

HgS04.3HCl.  Pound. 

Sulphur  trioxide 18.65  18. 18 

Roscoe  and  Schlorlemmer  state  that  mercuric  chloride  dissolves 
without  decomposition  in  concentrated  sulphuric  acid.  This 
seems  to  be  true;  but,  on  heating,  a  crystalline  sublimate  was  ob- 
tained in  the  funnel  suspended  above  the  dish  in  which  the 
reaction  occurred.  If  the  heating  be  too  prolonged  some  free 
sulphuric  add  will  volatilize  and  condense  on  the  crystals. 
Molecular  amounts  of  mercuric  chloride  and  H^SO^.H^O  were 
carefully  heated  in  a  porcelain  dish.  Clean,  dry,  well-formed 
monoclinic  crystals  were  selected  from  the  sublimate  in  the  neck  of 
the  funnel  suspended  above.  On  analysis  these  crystals  gave  the 
following  results  : 

Calculated  for 
HgSO4.2HCl.HsO.  Pound. 

Chlorine 18.34  19.89 

The  substance  was  not  further  worked  with. 
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CADMIUM  COMPOUNDS. 
(With  Isaac  P.  Harris.) 

By  varying  the  temperatures  we  have  succeeded  in  replacing 
variable  amounts  of  water  of  crystallization  in  3CdS04.8H,0.  At 
150°  C.  the  sulphate  loses  4  molecules  of  water;  if  subjected  to 
the  action  of  dry  hydrochloric  acid  at  that  temperature  4  mole- 
cules of  hydrochloric  acid  combine  with  the  partially  dehydrated 
body,  giving  3CdSO,.4H,0.4HCl. 

At  200**  C.  the  hydrated  sulphate  permits  all  its  water  to  be 
expelled,  giving  3CdS04.8HCl:.  At  that  temperature  under  the 
prolonged  influence  of  the  hydrochloric  acid,  or  at  dull  red  heat 
for  a  shorter  period,  the  sulphuric  acid  radical  is  displaced  and 
finally  CdCL,  results.  The  observations  noted  took  place  with 
the  hydrated  sulphate,  or  material  dried  at  150®  C.  or  completely 
dehydrated. 

The  bodies  obtained  are  very  deliquescent  and  present  diffi- 
culties in  obtaining  them  pure  for  analysis.  Hydrochloric  acid  is 
held  mechanically  by  the  compounds  and  is  diflScult  to  remove. 
The  method  of  procedure  was  to  place  the  sulphates,  hydrated 
and  anhydrous,  in  a  porcelain  boat  in  combustion  tubing  fixed  in 
an  air-bath  punctured  to  admit  the  tube.  Dry  hydrochloric  add 
was  passed  through  the  tube  whose  temperature  was  closely 
guarded.  The  material  melted  and  crystallized  out  on  cooling. 
If  the  temperature  reached  dull  redness  (with  experiments  over 
direct  flame)  the  body  was  sublimed  to  the  cooler  portions  of 
the  tube.  In  order  to  remove  the  mechanically  bound  hydro- 
chloric acid,  the  tube  was  allowed  to  cool  for  twelve  hours,  a 
steady  stream  of  gas  passing  through  all  the  while ;  afterwards 
dry  air,  free  from  carbon  dioxide,  was  passed  through  for  two 
or  more  hours.     Some  analyses  are  appended. 

Calculated.  Found. 

I.  II. 

Original  sulphate   3CdSO,.8.H,o{^?c)        18.7        18.1 

{HCl        17.00      16.00      18.7 
16.00 
SO,         28.00      28.00      27.5 

With  prolonged  heating |  ^^  "5 

Fused    and    partially    volatilized 

3CdS04.8HCl HCl        31.00      30.1       30.2 

Continued  heat  and  sublimation 

CdCl, CI  38.6       38.00 
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A  few  experiments  were  made  with  zinc  sulphate  and  the  above 
observations  extended,  but  not  completed. 

Univbrsitt  op  North  Carolina, 

April  33,  X901. 


THE  ACTION  OF  ZINC  ETHYL  UPON  NITRO  AND  NITROSO 

COnPOUNDS. 

(A  REPLY  TO  1.  BEWAD.) 

By  Arthur  Lachman. 
Received  SeptemlMtr  a6,  i90t. 

IN  a  recent  paper  containing  a  wealth  of  experimental  material, 
I.  Bewad  undertakes  to  prove  the  complete  analogy  of  the 
action  of  zinc  ethyl  on  carbpnyl  compounds  on  the  one  hand,  and 
upon  nitrogen-oxygen  compounds  on  the  other.  This  work  was 
begun  about  fourteen  years  ago,*  but  its  most  important  results 
were  not  manifest,  or  at  any  rate  were  not  published  in  accessible 
journals,  until  last  year.^  In  his  last  paper  Bewad  is  anxious  to 
claim  priority  for  these  results,  evidently  with  reference  to  my 
own  publications,'  since  the  general  subject  has  not  been  investi- 
gated by  any  third  party. 

Bewad' s  priority  in  this  work  is  unquestioned.  In  fact,  it  was 
through  a  study  of  Bewad' s  own  publications  that  I  was  led  to 
attempt  the  main  problem  I  have  undertaken  ;  viz, ,  the  intimate 
structure  of  the  nitro  group.  Priority,  however,  is  no  guarantee 
of  accuracy  ;  and  since  Beward  has  been,  and  is  still,  in  error  as 
to  some  matters  of  fact,  and  is  entirely  at  sea  with  his  explana- 
tions of  other  facts,  I  have  thought  it  desirable  to  clear  up  several 
points  that  would  seem  reasonably  certain,  before  proceeding  with 
new  experimental  work. 

In  order  to  indicate  that  Bewad's  results  in  the  past  have 
needed  revision,  let  me  briefly  append  a  history  of  events.  In 
his  first  papers  i^cf,  above),  Bewad  asserted  the  following  :  That 
the  action  of  zinc  ethyl  on  nitroethane  gave  triethylamine  oxide, 
(C,H5),N  =  O  ;  that  the  reaction  succeeds  with  only  one  mole- 
cule of  zinc  ethyl ;  that  if  two  are  taken,  no  amine  oxide  at  all  is 
obtained;  that  upon  reduction  the  amine  oxide  forms  triethyl- 
amine. On  the  other  hand,  I  showed  in  my  first  paper  that  if 
two  molecules  of  zinc  ethyl  are  taken  the  yield  of  **  amine  oxide," 

1  Cf.  Ber.  d,  chem,  Ges.,  ai,  ref.  479  (1887);  99,  ref.  350  (x888). 

^J.prakt,  Ckem.,  63,  94  (190X). 

s  Am.  Chem.J.y  21,  433  (1899);  Ber.  d.  chem.  Ces.^  33,  1023  (1900). 
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instead  of  vanishing,  is  more  than  doubled  (a  discovery  wtiich 
Bewad  seems  to  have  made  for  himself  subsequently).  But 
what  is  most  important  is  that  no  amine  oxide  whatever  is 
formed,  but  instead  ethyl -sec.  butylhydroxylamine, 

/OH 
CH,— CH— N< 


AH, 
C.H, 

Bewad  was  fortunate  enough  to  discover  this  for  himself.     The 

previously  noted  reduction  to  triethylamine  was  erroneous. 

My  own  work  on  the  nitro  group  took  its  start  from  the  then 
unquestioned  existence  and  method  of  formation  of  triethylamine 
oxide.  All  of  the  conclusions  contained  in  my  first  publication 
are  therefore  futile,  and  are  herewith  withdrawn.'  To  be  sure, 
the  real  triethylamine  oxide  has  subsequently  been  found  by 
Dunstan  and  Goulding,^  and  by  myself,'  but  its  method  of  forma- 
tion does  not  bring  it  into  connection  with  the  nitro  group. 

It  is  to  Bewad' s  explanation  of  the  mechanism  of  his  results, 
however,  that  I  wish  to  call  attention.  To  begin  with  the  facts 
first,  Bewad  has  found  that  when  alphyl  nitrites  are  treated  with 
zinc  ethyl  and  then  with  water,  the  products  are  alcohols  and 
diethyl  hydroxylamine  (and  of  course  zinc  hydroxide) ;  ^.  ^., 

[C,H,O.NO  +  ZnCC^Hj),]  +  2H,0  = 

C,H,OH  +  (C,H,),NOH  +  Zn(OH),.     (I) 

On  the  other  hand,  I  have  found  that  when  diphenylnitrosamine 
is  treated  with  zinc  ethyl,  the  products  are  diphenylamine  and 
diethylhydroxylamine : 

[(C.H,),N.NO  +  Zn(C,H,)  J  +  2H,0  = 

(C.H,),NH  +  (C,H,),NOH  +  Zn(OH),.     (II) 

If  we  designate,  in  these  two  equations,  the  group  attached  to 
—  NO  by  X,  the  two  reactions  are  exactly  parallel : 

[X-NO  +  Zn(C,H,),]  +  2H,0  = 

X— H  +  (C,H,),NOH  +  Zn(OH),.     (Ill) 

It  is  a  reasonable  assumption  that  the  mechanism  of  this  reaction 
is  identical  in  both  cases. 

In  (II),  I  was  able  to  show,  by  separating  and  analyzing  the 
first  product,  that  one  molecule  each  of  nitrosamine  and  zinc  ethyl 

1  Am.  Chem.J^  ai,  440  (1899). 

«y.  Oum.  Soc.,  75,  79a  (1899). 

*  Ber.  d.  chem.  Ges.^  33,  X025  (1900). 
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unite  to  form  a  stable  compound,  which  is  subsequently  decom- 
posed by  water : 

(C.H,),N— NO  +  Zn(CA),  =  (C,H,),N-~N<5'' 


\0 


Coflj 


(C.H.).N— N<i     +2H,0  = 

\  O 

CC.HJ.NH  +  N-OH  +  Zn(OH),.     (IV) 

The  decomposition  products  agreed  closely  with  the  calculated 
yield  (diphenylamine  quantitative,  hydroxylamine  over  50  per 
cent. ) .  Bewad,  on  the  other  hand,  led  by  the  analogy  of  the  car- 
bonyl  group,— CO,  assumed  that  two  molecules  of  zinc  ethyl 
would  be  required,  did  not  try  to  use  merely  one,  did  not  sep- 
arate or  analyze  his  addition  product,  and  gives  the  following 
equation  : 
R— O— NO  +  2Zn(C,H5),  = 

R— OH  +  (C,H,),NOH  +  Zn(OH),  +  [Zn(OH),+  2C,He].  (V) 

(B) 

I  have  labeled  the  two  zinc  ethyl  molecules  in  order  to  point  out 
that  molecule  (B)  simply  adds  on  to  the  first  product,  arid  then 
splits  off  again,  for  no  other  apparent  purpose  than  to  gratify 
Bewad's  sense  of  analogy. 

From  the  above  it  would  appear  that  we  have  a  very  general 
reaction  of  the  nitroso  group  when  not  attached  directly  to  carbon. 
In  this,  latter  case,  I  have  found  nitrosobenzene  to  behave  alto- 
gether differently,  for  reasons  that  cannot  yet  be  understood.* 

One  seeks  in  vain  for  any  analogy  between  this  general  reaction 
of  nitroao  compounds  and  the  behavior  of  carbonyl  groups  with 
zinc  ethyl.     Bewad  compares  the  former  to  the  reaction  of  alde- 

1  Of.  Am.  Ckem.J.^  ai,  442  (1899). 
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hydes,  formic  and  oxalic  esters,   etc.^     But  in  all  of  these  in- 
stances one  molecule  of  zinc  alphyl  is  able  to  introduce  only  one 
hydrocarbon  radical. 
Aldehyde  : 

O  /OjZnCA 

CH,C^      +  Zn(C,H,),  =-  CH  — C— C,HJ 

Ethyl  formate : 

C  =  O  /O  ZnCH, 

/\  +Zn(CH,),  =  H-C— CH,I 

Methyl  oxalate : 

Cf^  /OiZnC.H, 

N)CH,  +  Zn(C,H,),  -  C— CHJ        . 

COOCH,  ' 

COOCH, 

The  behavior  of  the  nitroso  group  is  therefore  unique,  and  in  no 
way  parallel  to  that  of  carbonyl. 

The  behavior  of  nitro  compounds  with  zinc  ethyl  is  much  more 
complicated.  As  Bewad*s  equations  are  highly  complex,  as  he 
is  guided  wholly  by  the  misleading  carbonyl  analogy,  and  as  some 
of  his  formulas  are  self-contradictory,  it  is  not  necessary  to  devote 
further  time  to  this  side  of  his  work.  The  facts  are  more  im- 
portant for  the  present.  Bewad  finds  that  zinc  ethyl  and  nitro- 
ethane  react  slowly.  If  the  mixture  is  decomposed  after  a  few 
days,  the  main  products  are  unchanged  nitroethane  and  secondary 
nitrobutane.  If  allowed  to  stand  several  months,  the  nitro-paraf- 
fins  diminish  in  amount,  and  the  main  product  is  then  ethyl  sec. 
butyl  hydroxylamine  : 

yOH 

CH,— CH— N< 

CjHj 
An  entirely  similar  reaction  was  obtained  with  numerous  other 
nitroparaffins  and  zinc  alphyls,  provided  that  primary  or  secondary 
nitroparaffins  are  taken.     (Zinc  methyl  with  nitrome thane  forms 
an  exception. ) 

*  Loc.  cii.,  p.  no. 
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It  is  not  worth  while  to  supplement  Bewad's  speculations  by 
others  equally  unfounded  ;  but  the  following  facts  seem  to  stand 
out  plainly.  First,  that  the  primary  action  of  zinc  alphyl  is  to 
alkylate,  and  that  this  alkylation  is  independent  of  the  subsequent 
alteration  of  the  nitro  group  ;  proof  :  nitrobutane  is  formed  be- 
fore the  hydroxylamine.  Second,  that  the  new  nitroparaflGine  thus 
formed  is  not  present  in  the  free  state,  but  probably  in  the  shape 
of  a  zinc  alphyl  salt ;  proof  :  if  a  primary  nitro  compound  is  the 
original  substance,  the  resulting  hydroxylamine  contains  a  secon- 
dary radical ;  whereas  if  we  start  from  a  secondary  nitroparaffin, 
we  get  a  tertiary  radical  in  the  hydroxylamine.  If  free  secondary 
nitroparaffins  are  first  formed,  we  should  obtain  tertiary  radicals 
in  both  instances.  Third,  that  this  intermediate  product  is  capable 
of  adding  on  zinc  alphyl  in  such  a  way  that  one  hydrocarbon 
radical  attaches  itself  to  nitrogen.  This  addition  depends  upon 
the  previous  compound,  and  is  not  wholly  due  to  the  nitro  group. 

The  last  conclusion  needs  further  details.  Bewad,  in  an  ex- 
periment to  which  he  himself  attached  but  little  importance, 
found  that  a  tertiary  nitroparaffine  was  simply  reduced  to  the 
corresponding  hydroxylamine  without  alkylation, 

(CH,)3C-NO,  --  (CH,),C— N<         ; 

the  absence  of  a  mobile  hydrogen  atom,  with  its  consequent  re- 
placement by  zinc  alphyl,  seems  to  prevent  alkylation  of  the 
nitrogen  atom. 

On  the  other  hand,  we  may  have  here  a  specific  reaction  of  the 
nitro  and  the  nitroso  group  when  directly  attached  to  carbon. 
The  main  product  when  nitrosobenzene  acts  upon  zinc  ethyl  is 
phenylhydroxylamine.^  Nitrobenzene  also  gives  a  small  amount 
of  phenylhydroxylamine.''  Bewad  found  only  aniline  in  this  last 
case,  but  that  is  an  error  in  fact ;  besides  phenylhydroxylamine, 
I  was  able  to  isolate  small  amounts  of  aniline  and  ethyl  aniline. 
Here  again  it  will  be  best  to  refrain  from  speculative  equations 
until  further  facts  are  obtained. 

It  is  clear,  however,  that  in  the  action  of  zinc  ethyl  on  nitrogen 
oxygen  compounds  we  have  a  process  that  is  by  no  means  analo- 
gous  to   the  behavior  of  carbonyl  compounds ;    that  different 

>  I«achman:  Am.  Chem.J.^  ai,  343  (1899). 
« Ibid. 
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classes  of  these  nitrogen  oxygen  compounds  behave  altogether 
differently  ;  and  that  only  for  the  very  limited  group  of  nitroso 
compounds  whose  nitrogen  atom  is  not  directly  linked  to  carbon 
is  there  anything  like  a  clear  comprehension  of  the  details  of  the 
reaction. 

Eugene,  Oregon, 
August,  1901. 
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A  REVIEW  OF  SOME  RECENT  PROGRESS  IN  ORGANIC 

CHEMISTRY.* 

It  is  with  deep  regret  that  I  am  obliged,  at  this  first  attempt 
of  the  Section,  to  bring  a  systematic  review  of  recent  progress  in 
chemistry,,  to  ask  your  kind  indulgence  for  the  many  omissions 
and  defects  in  this  summary  of  the  recent  history  of  organic 
chemistry.  The  time  at  my  disposal  has  been  very  short ;  the 
subject-matter,  I  need  not  say,  is  all  too  extensive.  A  pains- 
taking German  statistician  has  calculated  that  over  10,000  pages 
are  needed  to  record  the  annual  progress  of  organic  chemistr>'. 
I  have  endeavored  to  report  upon  the  work  of  some  three  years ; 
the  printed  pages,  if  laid  side  by  side,  would  make  a  solid  field 
of  type  covering  some  6,000  square  feet — ^a  large  area  for  a  critic 
to  weed  over  by  lamplight.  Under  the  circumstances,  I  have 
ventured  to  select  a  few  of  what  have  seemed  to  me  the  more  im- 
portant achievements,  and  have  called  this  paper  *  *  A  Review  of 
Some  Recent  Progress.'* 

NOMENCLATURE  AND  REGISTRATION. 

The  important  problem  of  naming  organic  compounds  has  not 
advanced  much  beyond  the  work  of  the  Geneva  conference  in 
1893.  I^  will  be  remembered  that  the  Geneva  rules  are  fairly 
satisfactory  only  for  the  simpler  fatty  compounds ;  they  are  too 
cumbersome  for  complex  fatty  derivatives,  and  fail  almost  com- 
pletely with  the  vast  majority  of  ring  compounds.  It  is  still 
possible  for  ten  chemists  to  describe  one  and  the  same  substance 
under  ten  different  names,  without  recognizing  the  identity  of 
their  descriptions.  An  important  discovery  by  M.  M.  Richter, 
however,  promises  to  be  of  great  assistance  in  simplifying  this 
difiiculty.  Richter  has  pointed  out  that  while  the  name  of  an  or- 
ganic compound  may  not  be  characteristic,  its  empirical  composi- 
tion is  absolutely  dejinite.  He  has,  therefore,  undertaken  the  truly 
Herculean  task  of  gathering  nearly  80,000  organic  substances  to- 
gether into  a  dictionary,  grouping  these  according  to  the  increas- 
ing complexity  of  their  atomic  composition.     The  result  is  a 

^  Read  at  the  Denver  meeting  of  the  Society,  August,  1901. 
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monumental  work/  whose  use  enables  the  chemist  to  identify  an 
unknown  compound  in  the  shortest  possible  time. 

At  first  sight,  it  may  appear  that  the  Richter  sy.stem  has  seri- 
ous disadvantages.  For  instance,  no  less  than  52  compounds 
of  the  formula  Ci,H,g03  are  to  be  found  in  this  dictionary.  Even 
if  we  should  ascertain  this  formula  for  a  newly-found  substance, 
a  huge  problem  remains.  On  the  other  hand,  it  is  to  be  ob- 
served first,  that  Richter  is  not  responsible  for  the  isomerism  of 
these  52  compounds  ;  and  second,  that  by  thus  grouping  them  all 
together  in  one  place,  the  comparison  of  data  is  greatly  facilitated. 
As  a  matter  of  fact,  the  most  superficial  determination  of  proper- 
ties, once  the  composition  is  known,  is  all  that  is  needed  to  pick 
out  the  desired  name  from  the  list.  The  ability  of  the  Richter 
system  to  stand  the  test  of  actual  use  is  shown  by  its  adoption  for 
the  index  of  several  important  journals ;  e,  g. ,  the  Berichte,  the 
Annalen,  and  the  America?^  Chemical  Journal. 

This  general  use  of  Richter*  s  system  is  interesting  from  two 
rather  different  points  of  view.  For  one,  it  will  serve  to  increase 
the  respect  of  the  organic  chemist  for  quantitative  anal3^ical  work. 
He  has  been  compelled  to  identify  his  substances  largely  by  their 
general  reactions  and  relationships.  He  has  even  been  proud  of 
his  skill  in  dispensing  with  analysis.  But  the  analytical  route  is 
now  the  shortest  method  of  identifying  substances,  and  the  organic 
chemist  must  again  be  broiled  over  his  combustion  furnace  as  in 
Iriebig's  time.  I  venture  to  predict  a  speedy  improvement  of  this 
venerable  contrivance. 

The  second  feature  takes  a  speculative  turn.  The  present  de- 
velopment of  organic  chemistry  is  due  to  the  discovery  of  isomer- 
ism ;  /.  e. ,  of  the  fact  that  empirical  composition  does  not  suffice  to 
characterize  a  substance.  It  is  curious  that  the  fruits  of  this  dis- 
covery should  bring  us  back  to  one  of  the  earliest  ideals  of  mod- 
ern chemistry.     How  this  would  have  pleased  Berzelius ! 

In  the  way  of  special  propositions  in  nomenclature,  it  is  worth 
while  to  note  the  suggestions  of  Vorlander,*  that  all  univalent 
hydrocarbon  radicals,  both  fatty  and  aromatic,  be  designated  by  the 
old  term  alkyl;  that  fatty  alkyls  be  called  alphyls,  and  aro- 
matic alkyls  be  named  aryls.  Mixed  fatty  and  aromatic  rad- 
icals, such  as  benzyl,  are  to  be  called  alpharyL  Acid  radicals  are 
to  have  the  class  name  aryl^  from  which  are  then  derived  alphacyl 
and  aracyl  for  fatty  and  for  aromatic  acid  radicals,  respectively. 
These  suggestions  seem  to  have  been  widely  adopted. 

The  need  of  some  comprehensive  method  of  naming  and  regis- 
tering organic  compounds  has  been  shown  by  Rey  and  by  Kauf- 
man,' in  rather  alarming -fashion.  Assuming  not  more  than  nine 
different  substituents,   hydrogen   included,   in   the   naphthalene 

1  **l4eztkon  der  Kotalenstoffverbindungeti." 

«  J.prakt.  Chem,,  59,  247  (1899). 

»  Ber.d.  chem.  Ges.^  33,  1910,  2131  (1900). 
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nucleus,  10,766,661  derivatives  are  possible.     Orgauic  chemistry 
is  not  likely  to  perish  for  lack  of  material,  it  would  appear. 

We  cannot  do  more  than  refer  here  to  Baeyer's  proposed 
nomenclature  for  the  so-called  condensed  carbon  rings.*  As  with 
all  of  Baeyer*s  proposals,  this  one  is  sure  to  be  universally  em- 
ployed. 

MISCELLANEOUS  COMPOUNDS  AND   REACTIONS. 

Under  this  heading  will  be  given  a  number  of  interesting  or 
important  facts  that  cannot  well  be  classified  under  other  topics. 
The  order  of  arrangement  is  merely  one  of  convenience. 

The  paraffin  hydrocarbons  will  soon  no  longer  deserve  their 
name.  The  diflFerence  between  them  and  the  aromatic  hydrocar- 
bons, once  so  marked,  has  been  shown  by  Worstall  to  be  only  a 
matter  of  degree.*  They  are  attacked  both  by  concentrated  nitric 
and  sulphuric  acids,  Tieldinp;  jaitropara£5ns  and  sulphonic  adds, 
just  as  benzene  does.  ^^^^Nj^j^p^nt^s^uch  slower  than  in  the 
latter  case,  however^'^^iSseems  to*ira(»Hte  equilibrium  at  a  much 
lower  percentage  of^Vansfcii  aitf tiou. '       V\ 

In  the  ^^g^^  aj^^P^f^^f^^ij^^^g^^  ^  ^^w  method  of 
passing  from  one  fugar^^^Me'Ti^lrrowerlin  the  series.  This 
method  consists  iilthe  ^^irlntiftTii^^^^^i  caUJcium  salts  of  the  cor- 
responding acids  wkh  hydrogen  ^^^idpr  Heiwas  thus  able  to- 
prepare  ^/-erythrose  irb«rfftitiiMSS<imd  to  estjlmish  the  generic 
relationship  of  the  forme^lTtHP^ugar  series,  "f 

Graphitic  acid,  obtained  by  the  oxidatiotrof  graphite,  has  long 
been  regarded  as  one  of  the  mysteries  of  chemistry.  It  has  re- 
cently been  investigated  by  Staudenmaier,*  who  concludes  that  it 
is  likely  to  remain  a  mystery  for  some  time  to  come.  The  formulas 
and  properties  that  have  been  previously  ascribed  to  its  various 
derivatives  are  entirely  unreliable.  Staudenmaier  has  found  a 
very  easy  method  of  preparing  the  acid,  suitable  for  lecture 
demonstration. 

It  will  be  remembered  that  a  few  years  ago  Nef  was  able  to 
bring  to  a  conclusion  a  century's  work  on  fulntinic  acid,  by 
showing  that  this  interesting  acid  is  the  oxime  of  carbon  monoxide, 
C=N— OH.  This  has  recently  been  substantiated  in  a  curious 
manner  by  Scholl.*  The  Friedel-Crafts  reaction  of  mercury  ful- 
minate, benzene  and  aluminum  chloride  leads  to  the  synthesis  of 
benzaldoxime : 

C,H,  +  C=:N— OH  =  CeH^CH^N— OH. 

The  Friedel-Crafts  reaction  itself,  which  Baeyer  has  called  the 
magic  trunk  of  the  wizard  because  of  the  wonderful  things  it 

*  Ber.  d.  chem.  Ges.y  33,  3771  (1900). 

s  Am.  Chem.  J.,  ai,  210  (1899);  aOt  664  (1898). 
«  Brr.  d  chem.  Ges.,  3a,  3672  (1899). 

*  Ibid..  3a.  3824  (1899). 
fc  Ibid,  3a,  3494  (1899). 
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burnishes  in  inexhaustible  supply,  has  been  the  object  of  careful 
study  by  Perrier*  and  others  ;  and  before  long  we  may  hope  to 
understand  this  important  process  to  a  degree  befitting  its  im- 
portance. 

The  bitter  struggle  over  the  constitution  of  the  diazo  compounds 
is  drawing  to  a  close.  It  will  be  remembered  that  Hantzsch  has 
contended  for  a  stereochemical  explanation  of  diazo  isomerism, 
whereas  Bamberger  stood  out  for  a  structural  explanation  of  these 
phenomena.  It  would  take*  us  too  far  afield  to  enter  into  the 
details  of  this  controversy  here,  and  a  few  observations  must 
suffice.  Bamberger  for  the  last  three  years  has  been  allowing  his 
case  to  go  by  default,  a  sign  that  he  has  recognized  his  defeat- 
Quite  recently  he  has  made  an  important  admission  of  error  with 
reference  to  the  metallic  derivatives  of  the  diazo  compounds. 
Hantzsch,  meanwhile,  with  the  agility  that  has  characterized  the 
-evolution  of  his  views,  has  returned  to  the  proposition  he  had  so 
strenuously  opposed  at  first,  that  the  isodiazo  compounds  are 
true  nitrosamines  in  the  free  state.  In  connection  with  the  diazo 
compounds,  Hantzsch  has  elaborated  a  new  theory  of  chemical 
processes  which  will  be  considered  below. 

The  tiric  acid  group  is  witnessing  a  decided  *  *boom'  *  during 
the  last  few  years.  Fischer's  syntheses  in  this  group  are  too  well 
known  to  refer  to  now.  W.  Traube  has  recently  discovered  an 
entirely  new  synthesis  of  uric  acid  and  its  numerous  congeners.' 
The  method  is  too  complex  for  description  here ;  suffice  it  to  say 
that  it  starts  with  cyanacetic  acid,  a  compound  easy  to  obtain  in 
large  quantities,  and  that  Traube  has  already  succeeded  in 
obtaining  xanthine,  guanine,  uric  acidj  and  numerous  alkylated 
derivatives  of  these.  The  yields  are  said  to  be  almost  quantita- 
tive. 

The  remarkable  activity  of  investigation  and  synthesis  in  the 
uric  acid  group  undoubtedly  owes  its  origin  to  the  hope  of  com- 
mercial success.  Fischer's  work  has  shown  a  very  close  connec- 
tion between  caffeine  and  uric  acid ;  and  a  moderate  fortune 
awaits  him  who  will  be  able  to  prepare  caffeine  cheaply  by  a 
synthetic  process.  Aside  from  this  material  interest,  however, 
the  uric  acid  group  occupies  an  important  position  in  the  purely 
scientific  aspects  of  chemistry.  On  the  one  hand,  the  function  of 
uric  add  and  its  derivatives  within  the  animal  organism  is  atopic 
of  the  profoundest  importance  to  physiology  and  dietetics.  Great 
progress  is  to  be  expected  when  the  advertisements  of  the  Michi- 
gan "health  food'*  people  will  be  published  in  befitting  detail  in 
the  Berichte,  And  on  the  other  hand,  a  very  curious  isomer- 
ism has  been  brought  to  light  among  the  mono- methyl  uric  acids. 
Four  of  these  are  foreseen  by  structural  theories,  whereas  Fischer 
and  Ach'  have  already  discovered  six.     No  explanation  is  offered 

»  Ber.  d.  chem.  Ges.,  33,  815  (igco). 
a  Ilnd.,  33,  3035  (1900). 
-  »  Ibid.^  3a,  3723  (1899). 
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so  far,  except  that  Fischer,  than  whom  no  man  is  a  better  judge, 
has  expressed  his  conviction  that  stereochemistry  and  tautomerism 
have  no  application  here. 

Among  the  large  number  of  curious  nitrogen  compounds  ajid 
reactions  discovered  during  the  past  few  years,  a  few  must  answer 
for  the  present.  A  long  chain  of  nitrogen  atoms  has  been  pre- 
pared by  Wohl  and  Schiff.*  By  oxidation  of  the  so-called  diazo- 
hydrazides, 


R— N=-Nv  R— N=Nv  /N=N— R 

>N.NH,—  >N.N--N.N<; 

R/  r/  \R 


which  contain  four  nitrogens  in  a  chain,  octazons  with  eight 
atoms  are  produced.  The  mere  existence  of  these  chains  is  an 
important  contribution  to  our  knowledge  of  the  combining  power 
of  nitrogen. 

Another  interesting  datum  with  reference  to  this  combining 
power  is  found  in  the  structure  of  isatoic  acid.  Erdmann*  has 
shown  that  this  acid,  which  for  a  long  time  was  supposed  to  have 
the  formula  I,  really  has  the  formula  II : 


—CO  ^  — CO— O 


-N— COH,  .  ^— NH— CO 


I. 


The  interesting  feature  of  this  discovery,  which  Krdmann  seems 
to  have  missed,  lies  in  the  fact  that  until  now  isatoic  acid  was  the 
only  substance  which  had  a  free  carboxyl  group,  — COOH,  di- 
rectly attached  to  nitrogen.  Carbamic  acid,  H,N — COOH,  for 
example,  is  incapable  of  existing  in  the  free  state,  and  is  known 
only  in  the  shape  of  salts,  esters,  and  other  derivatives.  It  has 
now  been  shown  that  isatoic  acid  possesses  a  diflFerent  structure 
than  the  one  formerly  assigned  to  it,  so  that  we  are  forced  to  le- 
gard  the  combination  of  a  carboxyl  group  with  nitrogen  as  one  of 
the  incompatibilities  of  nature. 

A  third  interesting  discovery  in  the  nitrogen  territory  was 
made  independently  by  WolfiEenstein,  Bamberger,  and  Dunstan 
and  Goulding.  These  investigators  found  that  basic  nitrogen 
atoms,  as  contained  in  the  various  amines,  can  be  directly  oxi- 
dized with  hydrogen  peroxide,  yielding  hydroxylamine  deriva- 
tives. The  most  curious  of  these  are  the  amine  oxides,  of  the 
general  formula 

1  Ber.  d.  chem.  Ges,y  33,  3741  (1900). 
«  Ibid.,s^»  "59  (1899)- 
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R_N=0. 
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The  amine  oxides  will  play  an  important  part  in  the  future  his- 
tory of  nitrogen.* 

More  or  less  connected  with  the  chemistry  of  nitrogen,  though 
in  a  manner  by  no  means  understood,  are  the  artificial  medica- 
tnents.  It  is  a  remarkable  fact  that  very  many  of  the  most  pow- 
erful drugs,  including,  of  course,  all  the  alkaloids,  contain  nitro- 
gen. This  is  true  of  the  artificial  as  well  as  of  the  natural  mem- 
bers of  the  materia  medica.  I  need  only  instance  phenacetine 
and  antipyrine.  The  study  of  the  connection  between  chemical 
compositions  and  physiological  action  is  steadily  progressing,  and 
the  time  seems  not  far  distant  when  the  scientific  practitioner 
will  invent  new  compounds  ofF-hand  at  the  bedside,  instead  of  re- 
lying upon  the  pharmacopoeia.  A  long  step  in  this  direction  has 
been  taken  by  Einhorn,*  who  by  systematic  planning  has  obtained 
three  new  substitutes  for  cocaine  : 

Orthoform,  ^-amido-w-oxybenzoic  methyl  ester  (I). 

Orthqform  new,  w-amido-/-oxybenzoic  methyl  ester  (II). 

Nirvanin  diethylglycocoll-5-amido-2-oxybenzoic  methyl  ester 
hydrochlorate  (III). 


COO— CH3        COO-CHj 


OH 


NH,    CH— CO— NH- 

N(C,H,),.HC1 


COO-CH, 


OH 


III. 


These  anesthetics  found  immediate  entrance  into  medical  prac- 
tice. 

Attention,  should  be  called  to  a  curious  fact  in  all  of  the  above 
formulae  :  viz. ,  that  the  methyl  esters  of  the  various  substituted 
benzoic  acids  have  been  selected.  The  corresponding  ethyl  esters 
have  no  marked  anesthetic  properties.  Here  is  a  flagrant  breach 
of  the  law  of  homology,  which  calls  for  protest  from  the  systema- 
tists.  It  is  a  common  statement  in  text-books  of  organic  chem- 
istry that  all  the  members  of  a  homologous  series  have  identical 
chemical  properties  ;  yet  here  we  find  the  simple  substitution  of 
ethyl  for  methyl  annihilating  the  most  characteristic  property  of 
some  rather  complicated  compounds.     This  remarkable  influence 

1  Cf.  I«achmaii :  Ber.  d.  chem,  Ges.^  33,  1038  (1900). 
*  Ann,  Chem.  (I«iebig),  311,  33  ff  (1900). 


908  REVIEW. 

of  the  methj-l  group  is  not  confined  to  drugs.  It  has  recently 
been  found  that  the  methyl  ester  of  anthranilic  acid^ 

/COOCH,  (i) 

^NH,  (2) 

is  one  of  the  essential  odorous  principles  of  the  orange  blossom 
and  the  jasmine.*  The  corresponding  ^Mj// anthranilate  is  almost 
odorless. 

A  similar  instance  is  to  be  found  in  the  esters  of  salicylic  acid; 
methyl  salicylate  is  the  oil  of  wintergreen, 

/COO— CH,(i) 

CeH/ 

X)H(2) 

whereas  ethyl  salicylate  has  only  a  faint  ethereal  odor. 

The  above  investigation  of  orange  and  jasmine  oils  furnished 
an  additional  surprise ;  for  it  transpired  that  the  sweet,  pene- 
trating perfume  of  these  flowers  was  due  in  no  small  part  to 
indol! !  Indol,  a  constant  ingredient  of  feces,  has  long  been 
noted  for  its  penetrating  qualities  ;  its  sweet  perfume  comes  as  a 
surprise  to  many  a  patient,  long-suffering  chemist.  Yet  there 
seems  to  be  no  doubt  that  pure  indol  has  a  decided  perfume  odor, 
and  that  the  disagreeable  smell  of  the  substance  as  usually  ob- 
tained is  due  to  some  impurities. 

A  friend  of  mine  once  advanced  the  theory  that  all  pure  sub- 
stances were  odorless,  and  that  all  odors  were  due  to  impurities. 
This  theory  was  bom  of  an  article  that  harks  back  several  years, 
but  which  is  worth  reviving  here.  It  was  found  by  Finckh*  that 
the  odor  of  the  sulphides  and  mercaptans  can  be  entirely  removed 
by  a  simple  process.  Now  the  mercaptans  have  been  known  to 
cause  public  riots ;  and  Emil  Fischer  once  showed  that  1/460, 
000,000  of  one  milligram  of  ethyl  mercaptan  can  be  detected  by 
the  average  unaided  human  nose.  Yet  the  pure  mercaptan  is 
odorless ;  so  that  this  small  amount  of  mercaptan  that  Fischer 
smelled  owed  its  recognition  to  the  much  smaller  amount  of  the 
impurity  which  it  contained.  An  interesting  corollary  of  my 
friend's  theory  is  that  even  this  impurity  is  odorless  in  the  pure 
state,  and  owes  its  odor  to  the  presence  of  some  other  impurity. 
The  subject  is  a  promising  one  for  investigation. 

The  importance  of  physical  chemistry  for  the  development  of 
organic  chemistry  is  increasingly  manifest,  and  grows  day  by  day. 
I  need  not  more  than  refer  to  the  use  of  physical  constants  in  the 
determination  of  molecular  structure ;  the  methods  and  results 
of  **spectro-chemistry,*'  molecular- volumetric  studies,  thermo- 
chemical  investigations,  etc.,  are  sufficiently  well  known.  It  will 
be  sufficient  to  emphasize  the  warning  that  all  of  these  methods 

1  Hesse  :  Ber.  d,  chem,  Ges.^  39,  2611  (1899)  ;  H.  and  B.  Hrdmann  :  Ibid.^  p.  1213. 
*  B^.  d.  chem.  Ges.^  27,  1239  (1894). 
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depend  upon  extrapolations  the  moment  they  are  applied  to  new 
classes  of  compounds,  and  that  they  share  with  all  other  extra- 
polations the  risk  of  running  ahead  of  the  facts.  This  seems 
notably  true  of  the  spectro-chemical  studies  of  nitrogen  com- 
pounds. Nor  need  I  refer  to  the  use  of  electrolytic  conducti<rity 
for  studying  the  dissociation  of  organic  acids,  bases  and  salts ; 
these  applications  are  sufficiently  obvious. 

It  is  in  the  use  of  the  physico-chemical  methods  of  thinking  that 
organic  chemistry  will  make  the  greatest  progress.  Thus,  the 
study  of  reaction  velocities,  of  the  reallj^  active  molecules  when 
two  or  more  substances  are  brought  together,  of  the  consequences 
rather  than  of  the  fact  of  ionization,  have  already  made  notable 
additions  to  our  comprehension  of  organic  reactions.  A  few 
examples  will  suffice. 

Thus,  Lewkowitsch  was  able  to  show  by  a  study  of  reaction 
velocities  that  when  fats  are  saponified  the  acid  radicals  attached 
to  glycerine  are  separated  one  at  a  time,  and  not  all  three  simul- 
taneously.' Hantzsch  has  made  continual  use  of  electrolytic 
methods  for  tracing  out  the  isomerization  of  diazo  compounds  ( the 
references  are  too  numerous  to  be  cited).  Walker  has  shown 
that  the  historical  isomerization  of  ammonium  cyanate  to  urea 
takes  place  between  the  ions  of  the  salt,  and  is  not  a  so-called 
**molecular  rearrangement.  *"*  And  numerous  investigations  of  or- 
ganic reactions  have  been  carried  out  by  H.  Goldschmidt  and  his 
pupils  upon  a  physico-chemical  basis.' 

The  use  of  the  electric  current  for  oxidizing  and  reducing  or- 
ganic compounds  affords  another  instance  of  the  interrelation  of 
physical  and  organic  chemistry.  The  successful  employment  of 
the  electric  current  calls  for  a  very  careful  study  of  the  electrical 
processes  themselves,  as  may  be  seen  from  the  recent  work  of 
Tafel.*  Once  the  details  are  mastered,  however,  excellent  results 
can  be  obtained. 

It  is  to  be  hoped  that  the  time  is  not  far  distant  when  the  word 
"catalysis**  will  vanish  from  the  chemist's  daily  vocabulary. 
At  present,  it  is  merely  a  mystifying  cloak  to  conceal  our  igno- 
rance. It  will  be  shown  below  that  in  the  case  of  auto-oxidation 
the  function  of  the  catalyzer  is  growing  clearer.  Meanwhile,  the 
discovery  of  new  catalyzers,  that  is  to  say,  of  deeper  mysteries  of 
reaction,  proceeds  with  unabated  vigor.  Michael  has  recently 
made  the  remarkable  observation  that  the  presence  of  methyl 
cyanide  greatly  increases  the  reaction-velocity  of  metallic  sodium 
on  organic  compounds.*  Thus,  methyl  iodide  reacts  very  slowly 
with  sodium  in  the  cold  ;  a  few  drops  of  methyl  cyanide  cause 
the  reaction  to  proceed  almost  with  violence. 

1  Ber.  d.  chem.  Ges.^  33,  8g  (1900). 
«y.  Otem.  Soc.,  71.  489  (1897). 
s  Cy.  Ber.  d,  c/um.  Ges.^  33,  1140  (1900). 
4  Ber.  d.  chem.  Ges.y  33,  aao9  (1900). 
*  Am.  Oum.J.^  35,  419  (1901). 
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The  stereochemistry  of  carbon  has  made  no  notable  progress 
during  the  last  few  years.  A  great  deal  of  work  has  been  done, 
but  this  has  been  devoted  to  extending  our  knowledge  of  the  ap- 
plications of  stereochemistry  rather  than  to  enlarging  our  knowl- 
edge of  the  subject  itself.  In  this  connection,  a  recent  utterance 
of  Emil  Fischer  is  of  some  significance.^  He  rebukes  the  gen- 
eral tendency  to  rush  to  stereochemistry  as  a  final  explanation  of 
isomerism,  and  warns  us  to  be  ever  mindful  of  its  limitations  and 
imperfections. 

It  is  Giften  the  simplest  cases  of  isomerism  that  are  the  hardest 
to  explain.  A  simple  case  that  can  be  explained  therefore  pos- 
sesses a  double  interest.  Keiser  has  obtained  a  second  form  of 
acetylene  diiodide;*  the  best  explanation  is  that  of  stereoisomerism : 

H— C— I  H— C— I 

II  II 

H— C— I  I— C— H 

We  are  here  crowding  closely  upon  the  final  explanation  of  the 
isomerism  of  unsaturated  compounds,  for  the  geometrical  inter- 
pretation does  not  please  everybody.* 

Another  observation  connected  with  stereochemistry  de^rves  a 
moment's  attention.  W.  A.  Noyes  has  announced  that  optical 
activity  may  be  present  in  substances  that  do  not  contain  an  asym- 
metric carbon  atom.*  Baeyer  made  a  similar  announcement  a  few 
years  ago,  and  anent  a  very  similar  compound.  Baeyer  withdrew 
his  announcement  a  few  months  later  ;  I  fear  the  similarity  will 
extend  to  the  same  point  in  the  former  instance.  Noyes'  observa- 
tion is  important — if  true. 

Buchner's  discovery  that  alcoholic  fermentation  is  a  chemical 
and  not  a  physiological  process  is  too  well  known  to  require  de- 
tailed presentation  here.  Suffice  it  to  say  that  the  numerous 
skeptics  who  assailed  this  discovery  at  its  first  appearance,  have 
either  been  silenced  or  convinced.  One  recent  interesting  con- 
firmation is  worth  nothing  ;  it  is  possible  to  kill  the  yeast  cells 
completely,  so  that  further  growth  and  reproduction  ceases ;  these 
dead  yeast  cells  still  possess  the  power  of  fermentation.*  Further 
proof  of  non-vital  fermentation  would  seem  to  be  unnecessary' ; 
the  fact  being  established,  the  mechanism  now  calls  for  careful 
study. 

An  observation  that  promises  to  be  of  much  significance  was 
recently  made  by  Gomberg.*  If  triphenylchlormethane  be  treated 
with  various  metals,  the  halogen  atom  is  removed,  and  a  highly 
unsaturated  hydrocarbon  remains : 

1  Ber.  d.  chem.  Ges.,  3a,  2726  (1899). 

*  Am.  L.fum.J.^  ai,  261  (1899). 

»  Cf.  Mlchcal :  /.  prakt.  Chem.,  (2),  sa,  289  (1895). 

^  Am.  Chem.J.y  a4,  289  (1900). 

&  Of.  Bokomy :  Chem.  Cenirbl.^  (1901),  i,  p.  1207. 

•  Cf.  Am.  Chem.  J.,  as,  315  (1901). 
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C.H, 


\ 


C,H  — C— 

Gomberg  assumes  this  hydrocarbon  to  be  triphenylmethyl,  and 
ascribes  its  unsaturated  properties  to  the  presence  of  a  trivalent 
carbon  atom.  It  is  too  early  to  dilate  upon  the  consequences  of 
this  discovery  ;  but  when  the  conditions  which  limit  the  existence 
of  trivalent  carbon  are  better  known,  a  rather  serious  review  of 
present  conceptions  will  be  inevitable. 

The«  chemistry  of  naturally  occurring  substances,  which  en- 
grosses the  attention  of  a  large  number  of  the  world's  most  skil- 
ful chemists,  is  of  rather  too  detailed  and  complicated  a  character 
to  be  incorporated  in  a  brief  review  like  this.  To  be  properly 
presented,  the  progress  made  in  the  study  of  the  terpenes,  of  cam- 
phor, of  caoutchouc,  of  starch,  of  cellulose,  of  the  innumerable 
natural  and  artificial  dye-stuffs,  should  in  each  case  have  a  whole 
paper  devoted  to  that  one  subject  only ;  and  it  seems  better  to 
omit  their  consideration  altogether  than  to  attempt  a  fragmentary 
and  unsatisfactory  jumble  of  facts. 

The  interests  of  the  hour,  however,  permit  of  one  exception  to 
this  sweeping  exclusion.  The  chemical  world  has  recently  been 
stirred  to  the  highest  enthusiasm  by  the  successful  commercial 
synthesis  of  indigo.  The  laboratory  synthesis  of  indigo  was 
achieved  long  ago  by  Baeyer  and  others  ;  but  the  transfer  of  this 
laboratory  process  to  the  factory  on  a  scale  to  permit  of  competi- 
tion with  natural  indigo  offered  innumerable  obstacles,  and  over 
twenty  years  of  unexampled  industry  and  intelligence  were  neces- 
sary before  the  problem  was  solved.  Many  a  sermon  can  be 
preached  upon  this  achievement  as  a  text ;  such  as  the  examples 
set  in  patience,  in  foresight,  in  intelligent  cooperation  of  the 
scientist  and  the  technologist,  in  the  expenditure  of  enormous 
sums  for  *'  scientific"  work,  etc.  From  the  scientific  side,  it  is  a 
matter  of  chemical  history  that  many  of  the  modem  problems  and 
achievements  took  their  rise  in  and  around  the  investigations  of 
indigo.  H.  Brunck,  one  of  the  directors  of  the  **  Badische  Anilin 
und  Soda  Fabrik,'*  has  recently  given  an  outline  of  the  methods 
employed  by  his  factory  in  the  elaboration  of  their  successful 
venture.*  Permit  me  to  outline  the  actual  manufacture  of  indigo 
as  it  is  carried  out  now  by  the  Heumann  process  (D.  R.  P. ,  91202). 

Starting  with  naphthalene,  the  cheapest  and  most  abundant  of 
the  coal-tar  ingredients,  oxidation  with  highly  concentrated  sul- 
phuric acid  gives  phthalic  add  (and  sulphur  dioxide) : 

1  ffer.  d.  chtm,  Gts.^  33,  Sonderheft,  p.  71,  (1900). 
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/    ^ 


— COOH 
+  9SO,  =  I  +  2CO,  +  H,0+  9SO.. 

,— COOH 


/■ 


10,000  tons  of  naphthalene  are  used  annually. 

The  recovery  of  this  sulphur  dioxide  (some  40,000  tons  annu- 
ally) is  an  important  matter ;  and  it  is  interesting  to  note  that 
the  new  *'Badische''  contact  process  is  absolutely  essential  to  the 
economical  reconversion  of  sulphur  dioxide  into  trioxide.  *  This 
oxidation  is  accomplished  by  the  air,  so  that  at  bottom  it  is  the 
oxygen  of  the  air  that  oxidizes  naphthalene  to  phthalic  acid.  To 
give  some  idea  of  the  immensity  of  this  manufacture,  even  at 
this  early  stage  of  its  development,  a  simple  calculation  shows 
that  each  year  the  oxygen  standing  over  i^  acres  of  the  earth's 
surface  is  completely  exhausted.  The  phthalic  acid  thus  obtained 
is  converted  into  phthalimide  by  a  process  not  given  to  the  public  : 

yCOOH  .COv 

C.h/  ^  CeH  /       >NH 

Over  1,200,000  lbs.  of  ammonia  are  needed  for  the  annual  out- 
put. By  means  of  sodium  hypochlorite,  phthalimide  is  converted 
into  anthranilic  acid : 

yCOv  yCOOH 

C.HX         >NH  -f  NaClO  +  H,0  =  C.HX  +  CO,  +  NaCl 

The  anthranilic  acid  thus  obtained  is  united  with  chloracetic  acid, 
forming  phenylglycocoUorthocarboxylic  acid : 


/ 


^         ^  COOH 


NH  —  CH,  —  COOH 


V 


X. 


For  this  reaction,  the  **Badische"  annually  consumes  4,500,000 
pounds  of  glacial  acetic  acid,  requiring  26,000  cords  of  wood  for 
their  production.  The  chlorine  needed  for  making  chloracetic 
acid  and  anthranilic  acid  (above),  is  generated  electrolytically,' 
and  purified  by  liquefaction.  10,000,000  pounds  of  salt  are  con- 
sumed for  this  purpose  (the  contents  of  more  than  37,000,000 
gallons  of  sea-water,  or  of  a  cube  of  sea- water  368  feet  on  edge). 
By  fusing  the  last-named  product  (phenylglycocoUcarboxylic 
acid)  with  caustic  soda,  two  products  may  be  obtained,  according 
to  conditions  :     indoxyl  (I),  or  indoxylic  acid  (II)  : 

1  Assuming  an  average  current  yield,  9,^,000  kilowatts  or  a  steady  consumption  of 
H.  P.,  every  second  ox  the  year  are  reqmred  for  this  process. 
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I  — C(OH)  \ C— OH 

:  JCH  ^C— COOH 

^;— NH  '.  /f— NH 

I.  11. 

These,  when  oxidized  by  air  in  presence  of  alkalies,  pass  into 
indigo : 


/ 

CO                  CO    - 
NH                  NH  ;, 

The  present  annual  production  of  synthetic  indigo  has  not 
been  given  to  the  public,  but  from  the  data  obtainable  it  cannot 
be  far  from  3,000,000  pounds-— about  one-fourth  of*  the  world's 
supply.  It  is  going  to  be  a  question  of  business  rather  than  of 
manufacture  when  the  indigo  factories  will  have  supplanted  the 
indigo  fields.  Some  of  the  above  calculations  will  give  a  faint 
idea  of  the  purely  commercial  side  of  this  stupendous  under- 
taking. The  **Badische"  has  already  invested  over  $4,500,000  in 
the  plant  and  preliminary  experiments. 

THE   NKW  ORGANIC   CHEMISTRY. 

The  investigations  we  have  just  passed  in  rapid  review  have 
this  in  common,  that  they  belong  to  the  established  order  of 
things,  and  offer  novelty  chiefly  in  facts,  hardly  at  all  in  prin- 
ciple. There  is  a  newer  organic  chemistry  in  the  air,  however, 
just  as  there  are  a  newer  inorganic  and  a  newer  physical  chem- 
istry ;  and  the  developments  of  the  newer  organic  chemistry  are 
likely  to  be  as  startling  as  those  of  the  older  branches.  The  new 
organic  chemistry  at  present  tends  in  two  directions,  both  of 
which  shall  engage  our  attention  for  a  few  minutes.  The  one  is 
comprehended  under  the  phenomena  of  tautomerism ;  the  other 
deals  with  the  chemistry  of  those  elements  other  than  carbon 
which  enter  into  organic  compounds. 

Tautomerism  and  its  allied  phenomena  constitute  one  of  the 
most  difficult  subjects  of  experimental  science.  Perhaps  it  will 
be  best  to  give  first  of  all  a  r^sumd  of  the  nomenclature  adopted 
by  most  of  the  investigators  concerned  in  this  work.  By  tautom- 
erism in  general,  chemists  have  been  accustomed  to  mean  the 
ability  of  a  single  substance  to  behave  as  if  it  had  two  or  more 
different  structures,  or  to  give  derivatives  belonging  in  two  or  more 
different  classes.     The  closer  investigation  of  these  cases  has 
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shown  that  a  much  more  careful  method  of  classifying  the  facts 
is  necessary.* 

When  two  or  more  substances  exist,  so  closely  related  that 
they  pass  into  each  other  spontaneously,  or  upon  very  slight 
provocation  (stereoisomerism  being  excluded),  we  speak  of  des- 
motropy ;  e,  g,,  dibenzoylacetyl  methane,  which  forms  the 
desmotropic  isomers  :* 

^C(OH)— CH,  yCO— CH, 

C— CO— CeHj  H— C— CO— C.H. 

\C0— C,H,  V:OC.H, 

If  we  have  two  sets  of  derivatives,  but  only  one  mother-sub- 
stance extant  in  the  free  state,  we  have  a  case  of  tautomerism 
proper ;  e.  g,,  hydrocyanic  acid,  from  which  we  can  obtain  two 
distinct  series  of  esters  : 

.  CH3— N=C 
H— N==C^ 

^N=C— CH, 

A  similar  tautomerism  exists  in  the  case  of  the  amidines  \e.  g., 
phenyltolyl  formamidine,  which  behaves  as  if  it  possessed  both  of 
the  following  formulas : 

/NH-C.H,  ,NH— C,H, 

HC<^  HC<^ 

^N— C.H.  ^N— C.H, 

Such  a  case,  where  both  tautomeric  forms  possess  identical  chem- 
ical character,  is  described  as  virtual  tautomerism.  Functional 
tautomerism  exists  where  the  (two)  forms  have  diflFerent  chem- 
ical character,  as  with  acetoacetic  ester  ;  this  reacts  as  a  ketone, 

CH,— CO— CH,- CO— OCjHg  keto  form, 

and  as  an  unsaturated  alcohol, 

CH,— C(OH)-rCH— CO— OCjH^enol  form. 

Desmotropic  isomers  tend  to  change  into  each  other  upon  fusion, 
upon  solution,  in  various  solvents,  etc.;  in  nearly  all  instances,  a 
condition  of  equilibrium  is  finally  reached,  when  we  have  the  iso- 
mers present  at  the  same  time.  This  condition  is  known  as  allelo- 
tropy.  An  example  is  found  in  Wislicenus'  phenylformylacetic 
ether,  which  upon  solution  in  alcohol  or  in  chloroform  forms  an 
allelotropic  mixture  of  the  two  forms  : 

CeHg  CjHj 

I  I 

CHO— CH— COOC,H,        CH  (OH)  =C— COOC,Hj 

It  sometimes  happens  that  of  a  pair  of  desmotropic  substances, 
the  conditions  of  equilibrium  are  such  that  one  can  exist  only  in 

1  Cf.  Rabe:  Ann.  Chem.  (Mebig),  313,  129  (1900). 
*  Cf,  Claisen  :  Ibid^  apt,  35  (1896). 
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traces  ;  this  limiting  case  of  desmotropy  is  called  pseudomerism  ; 
e,g,^  benzoyldiacetylmethane  :* 

^C(OH)-CH, 
C— CO— CH, 
\C0-C.H, 

The  investigation  and  definition  of  substances  in  this  category 
is  an  exceedingly  tedious  and  difficult  affair.  Without  going  into 
details,  one  citation  will  suffice.     Diacetosuccinic  ester, 

CH— CO— CH— COOC.Hj 


CH,— CO— CH,— COOC,H, 

can  exist  in  no  less  than  thirteen  diflferent  forms,  of  which  Knorr 
has  already  described  five.* 

The  question  of  tautomerism  calls  to  mind  the  old  battle-ground 
of  acetoacetic  ether.  I  have  no  desire  to  open  old  wounds,  and 
so  will  cite  only  one  publication  dealing  with  this  vexed  question. 
Michael  disagrees  with  Claisen's  commonly  accepted  theory  of  the 
synthesis  of  acetoacetic  ether  (the  addition  of  sodium  ethylate  to 
acetic  ether,  with  subsequent  condensation  and  elimination  of 
alcohol),  because  metallic  sodium  acts  upon  acetic  ether  so  much 
better  than  sodium  ethylate.  Michael  thinks  the  primary  forma- 
tion of  sodium  acetic  ether  much  more  probable,'* 

CH,(Na)— COOC,H,. 

This  unsaturated  compound  then  adds  a  molecule  of  un- 
changed acetic  ester, 

/(ONa) 
CH,— C CH,— COOC,H,. 

\0C,H, 

We  cannot  do  more  than  refer  to  the  tautomerism  of  the  acid 
amides^ 

C.H,C4  C.H,-C^ 

and  to  that  of  the  oxyazo  compounds,  which  seem  to  be  either 
phenols  or  quinone-hydrazones  according  to  circumstances.*  In 
these  cases,  as  in  many  others,  two  general  rules  must  ever  be 
kept  in  mind :  One  that  generalizations  are  misleading,  and 
that  each  case  must  be  investigated  upon  its  own  merits,^  the 

>  Cf.  Knorr :  Ann.  Chem.  (I«iebig),  306,  350  (1899). 

«/Wrf..  306.  332  (1899). 

*  Cf.  Ber.  d.  chem.  Ges^  33,  3731  (1900). 

*  Cf.  Titherley  -.f.Chem.  Soc.^  79,  391  (1901). 

^  Cf.  Mcpherson:  Am.  Chem.f.^  30,  485  (1901). 

*  Cf,  Claisen:  Ann.  Chem.  (Uebig),  api,  45  (1896). 
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Other  that  the  metal  derivatives  (salts)  of  tautomeric  and  desmo- 
tropic  forms  are  almost  always  constituted  with  their  metal  at- 
tached to  oxygen  when  that  is  possible.  This  latter  rule,  laid 
down  by  Michael,  was  formally  appro  ed  by  no  less  an  authority 
than  Baeyer  a  short  time  ago.* 

This  theory  of  Michael's  was  recently  elaborated  and  developed 
by  Hantzsch,  in  connection  with  the  latter' s  investigation  of  the 
diazo  compounds.'  In  order  to  determine  which  of  the  two  pos- 
sible structures  a  tautomeric  compound  may  have,  Hantzsch 
shows  that  if  one  form  may  be  acid  in  character  the  diagnosis  is 
easy.  If  the  given  substance  have  the  acid  formula,  it  will  be 
an  electrolyte,  and  will  form  salts  instantaneously ;  if  it  possess 
the  neutral  formula,  it  will  (usually)  be  a  non-conductor,  and  it 
forms  salts  with  measurable  velocity.  It  was  this  theory  that 
led  Hantzsch  to  revise  his  erstwhile  views  of  the  isodiazo  com- 
pounds.' 

Differing  from  tautomerism  in  outward  appearance,  yet  closely 
related  in  their  internal  mechanism,  are  those  reactions  for  which 
we  possess  no  good  English  name.  The  Germans  call  them 
**Umlagerungen;"  we  are  obliged  to  use  the  much  more  awk- 
ward term  *  *  molecular  rearrangements. ' '  Fittig  has  long  been 
engaged  in  studying  the  rearrangements  occurring  in  unsaturated 
acids.  The  double  bond  in  these  acids  seems  to  migrate  from  one 
part  of  the  molecule  under  conditions  that  do  not  admit  of 
prophecy,*  so  that  in  spite  .of  the  enormous  amount  of  labor  de- 
voted to  this  investigation  by  Fittig  and  his  pupils,  no  reliable 
generalizations  can  be  drawn  of  the  behavior  of  these  substances. 

Interesting  rearrangements  have  been  studied  by  H.  L.  Wheeler 
and  his  pupils.*  These  deal  with  the  changes  occurring  in  various 
acid  amide  derivatives.  To  cite  only  one  example,  phenylformimido 
ether  is  easily  isomerized  into  ethyl  benzamide, 

^NH  \NHC,Hj 

Time  will  not  permit  of  more  than  a  reference  to  Bamberger's 
study  of  the  rearrangements  of  aromatic  nitrogen  compounds ; 
e.  g, ,  phenylhydroxylamine*  forms  a  complex  mixture  of  prod- 
ucts on  treatment  with  acids  or  alkalies.  Bamberger  assumes 
the  intermediate  existence  of  compounds  with  univalent  nitrogen. 

The  second  phase  of  the  new  organic  chemistry  is  still  in  its 
beginnings.  While  the  chemistry  of  carbon  in  its  organic  deriva- 
tives is  by  no  means  exhausted,  an  ever-increasing  army  of  in- 

1  Ber.  d.  chem.  Ces.^  33,  Sonderheft,  p.  64  (1900). 

*  Cf.  above. 

»  Cf.  Ber.  d,  chem.  Ges.^  3J,  575  (1899). 
^  Ann.  Chem.  (I«iebig),  304,  117  (1899). 
<^  Am.  Chem.  J.,  23,  135  (1900). 

*  Ber.  d.  chem.  Ces.^  33,  3600  (1900). 
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vestigators  is  devoting  itself  to  the  study  of  the  other  elements 
which  enter  into  organic  compounds.  To  be  sure,  we  have  long 
been  aware  of  the  development  of  **  nitrogen  chemistry;**  but 
the  peculiarities  of  nitrogen  in  its  numerous  compounds  have  been 
so  intimately  bound  up  with  the  history  and  progress  of  carbon 
chemistry  proper,  that  we  have  not  been  conscious  of  any  sharp 
line  of  demarcation.  But  now  that  we  are  beginning  to  be  inter- 
ested in  the  welfare  of  the  carbon  derivatives  of  other  elements, 
the  time  seems  ripe  for  a  systematic  attempt  to  * '  organize '  *  inor- 
ganic chemistry  ;  i,  e, ,  to  study  the  inorganic  elements  as  carbon 
has  been  studied.  Much  valuable  material  has  already  been  col- 
lected for  this  purpose. 

During  the  past  year  or  two,  much  interest  has  been  accorded 
the  stereochemistry  of  other  elements.  It  is  hardly  necessary  to 
recall  the  tremendous  influence  that  the  theories  of  van't  Hoff 
and  LeBel  have  had  on  the  growth  of  carbon  chemistry  during 
the  past  twenty  years.  LeBel  himself  extended  his  studies  to 
nitrogen,  and  had  succeeded  in  obtaining  an  asymmetric  nitrogen 
compound  possessing  optical  activity.^  To  be  sure,  there  was  con- 
siderable skepticism  about  LeBel' s  results,  until  he  showed  that 
the  greatest  car^  is  necessary  in  separating  the  optical  isomers  by 
fermentation,  the  method  he  had  adopted.  How  quickly  our 
views  on  such  things  change  !  Only  two  years  ago  Marckwald 
published  some  work  to  prove  conclusively  that  these  so-called 
isomers  could  not  be  separated.*  To-day  a  dozen  groups  of  iso- 
mers have  been  carefully  studied.  There  was  needed  only  the 
proper  reagent.  This  was  found  by  W.  J.  Pope  in  camphor  sul- 
phonic  acid,  CioH„O.SO.,H.*  A  short  time  before,  Wedekind* 
had  prepared  two  isomeric  forms  of  a  substituted  ammonium  salt ; 
w>.,  benzylphenylallylmethyl  ammonium  bromide  (and  iodide), 

C,H, 

a-  and  /?-  >N Br. 

C.H/    I 

CH, 

These  isomers  were  inactive.  Pope  succeeded  in  separating  the 
flf-form  into  two  optically  active  modifications,  turning  polarized 
light  to  the  right  and  to  the  left  almost  equally  ([a]^  +  68.6®  and 
— 67.3°).  Pope  has  since  then  prepared  numerous  other  active 
ammonium  compounds. 

The  sulphur  atom  also  has  the  power  of  becoming  asymmetric. 
Pope  and  Peachey*  have  isolated  an  optically  active  fl^-methyl- 

i  Compt.  rend.,  iia,  734  (1891). 

*  Ser.  d,  chem.  Ges.,  3a,  560  (1899). 
*y.  Chtm.  Soc.,  70,  1137  (1900). 

*  Ber.  d.  ckem.  Ges.,  3a,  517  (1899). 
ft  Loc.  cii.,  p.  1073. 
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ethylthetin  chlorplatinate, 

CH,  V       /CH,COOH 

C,H/     \(PtCl,)J^   ■ 

•  The  asymmetric  sulphur  atom  is  easily  racemized  ;  2'.  e. ,  ren- 
dered inactive  by  isomerization  of  half  the  molecules  present. 

Tin,  an  element  resembling  carbon  and  sulphur  in  that  it  can 
become  quadrivalent,  may  also  be  rendered  asymmetric  and 
optically  active.*     Methylethylpropyl  stannic  iodide, 

c,h/    \i 

is  an  oil,  and  is  dextrorotatory.  The  chief  peculiarity  of  this  asym- 
metric tin  atom,  however,  is  that  no  laevorotatory  modification 
exists.  As  fast  as  the  dextro  form  separates,  the  remaining 
laevo  racemizes  itself,  thus  forming  fre.sh  dextro,  which  alone 
separates.  By  completely  evaporating  the  solution  to  dryness, 
the  whole  of  the  previously  inactive  salt  is  converted  into  its 
dextrorotatory  isomer.  This  fact  is  of  great  significance  for  the 
future  of  stereochemistrv. 

Efforts  to  render  the  iodine  atom  in  iodonium  compounds  asym- 
metric have  proved  abortive  so  far.*     Phenyltolyliodonium  iodide, 

could  not  be  rendered  optically  active. 

It  is  to  be  expected  that  molecular  asymmetry  will  be  discov- 
ered in  a  great  many  other  elements.  Numerous  elements  are 
capable  of  combining  with  carbon  radicals,  and  many  curious 
compounds  have  resulted.  We  cannot  do  more  at  this  time  than 
refer  to  the  extensive  studies  that  Michaelis  has  been  carrying  on 
for  years  with  the  organic  derivatives  of  selenium,  tellurium, 
phosphorus,  boron,  silicon,  etc.  Michaelis  has  recently  told  us 
his  motive  in  this  work.  He  points  out'  that  the  type  theory,  to 
which  organic  chemistry  has  owed  so  much  of  her  early  progress, 
has  been  deserted  by  the  modern  **  organiker.'*  His  own  work 
has  been  carried  on  for  the  express  purpose  of  developing  this 
theory,  which  he  hopes  will  eventually  lead  to  an  insight  into  the 
real  laws  of  combination. 

Quite  a  number  of  new  mercury  compounds  of  organic  radicals 
have  been  prepared  recently,  a  number  of  investigators  appar- 
ently stumbling  upon  them  at  about  the  same  time.  Thus,  Dim- 
roth^  has  found  that  aromatic  compounds  generally  easily  replace 

>  Prac.  Chem.  Soc.^  i6,  4a  (1900). 

*  Kipping  and  Peters  :  Froc.  Ckem.  Soc^  16,  6a  (1900) . 

>  Ann.  Chem.  (I,iebig),  314,  376  (1901). 

«  B^.  d.  chem.  Ges.,  31,  3154  (1898);  3a,  758  (1899). 
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one  or  more  hydrogen  atoms  by  univalent  mercury  radicals ;  a 
different  class  of  aromatic  quicksilver  compounds  related  to  ben- 
zoic acid  are  described  by  Pesci ;'  whereas  Hofmann  and  his 
pupils*  have  found  that  in  the  fatty  series  four  different  types  of 
substitution  of  mercury  for  hydrogen  can  be  distinguished. 

Even  the  chemistry  of  so  well-known  an  element  as  oxygen 
has  been  greatly  extended  by  the  organic  chemist  within  the  last 
few  years.  One  important  topic,  though  outside  the  lines  of  or- 
ganic chemistry  proper,  may  be  alluded  to.  The  phenomena  of 
auto-oxidation  have  excited  much  interest.  Many  substances 
which  are  absolutely  indifferent  towards  free  oxygen  (moist  or 
dry)  are  easily  oxidized  in  the  presence  of  certain  other  sub- 
stances. In  many  instances,  these  * 'contact-substances'*  or  cata- 
lyzers are  themselves  oxidized  at  the  same  time.  In  other  cases, 
they  remain  unchanged.  The  exact  mechanism  of  auto-oxida- 
tion still  needs  very  careful  study,  in  which  Manchot'  has  made 
an  excellent  beginning.  Hydrogen  peroxide  often  plays  an  im- 
portant part  in  these  reactions  as  an  intermediate  product.  In 
other  cases,  again,  Baeyer  and  Villiger  have  been  able  to  demon- 
strate the  intermediate  formation  of  complex  organic  hyperoxides  ;* 
thus  benzaldehyde,  which  in  moist  air  is  oxidized  to  benzoic 
acid,  first  takes  up  a  molecule  of  oxygen,  forming  benzoyl  hydro- 
peroxide, 

C.H^CHO  +  O  =  C,H,CO  — O— OH. 

This  will  oxidize  a  second  molecule  of  benzaldehyde, 

C.H^CO— 0-OH  C^HjCO— OH 

+  =  +  H,0, 

C.H.CHO  CeH^CO— OH 

but  other  substances  are  usually  oxidized  first  if  they  are  present. 

Baeyer  and  Villiger  have  also  prepared  mono-  and  diethyl- 
hydrogen  peroxide.  The  former,  preferably  called  ethyl  hydro- 
peroxide, is  easily  prepared  by  action  of  hydrogen  peroxide  upon 
ethyl  sulphate.  It  has  the  formula  C^H^ — O — OH,  is  fairly 
stable,  and  differs  from  its  mother-substance  hydrogen  peroxide 
(now  called  hydroperoxide)  in  possessing  no  reducing  properties 
-whatever ;  it  is  merely  an  oxidizing  agent.' 

The  same  chemists  obtained  diethyl-peroxide  from  the  same 
reagents  in  different  proportions.  It  has  the  formula  C^H^ — 
O-^ — CjHj ;  it  has  neither  oxidizing  nor  reducing  proper- 
ties. Reducing  agents  convert  it  into  alcohol.  From  the  be- 
havior of  these  two  compounds  Baeyer  thinks  that  hydrogen  per- 
oxide itself  has  the  old   formula  HO — OH;   the  existence  of 

I  AUi  dei  Lincei  Roma^  (5)1  9>  355  (1900). 
^  Of.  Ber.  d.  chem.  Ges.^  33,  1328-1364. 
Cf.  Ztschr.  anorg.  Chem.,  37,  397  (1901). 

*  Ber.  d.  chem.  Ges.^  33, 1581  (1900). 

*  /Wrf.,  34,  738(1901). 
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quadrivalent  oxygen  in  its  molecule^  as  in  the  suggested  formula 

^\ 

^0=0,  appears  to  be  excluded.* 

But  although  hydroperoxide  may  not  contain  quadrivalent 
oxygen,  the  fact  that  oxygen  does  become  quadrivalent  in  some 
of  its  compounds  has  been  established  by  Collie  and  Tickle.* 
Dimethyl-pyrone  forms  salts  with  various  hal-hydric  adds;  e,  g.^ 
the  hydrochlorate 

CH, 


CO 


><: 


\CH  =  C  ^^ 

I 
CH. 

These  salts  behave  like  the  salts  of  a  very  weak  base,  and  are 
completely  hydrolyzed  in  dilute  aqueous  solution.  If  the  addi- 
tion of  hydrochloric  acid  had  occurred  within  the  carbon  ring,  this 
hydrolysis  would  not  manifest  itself. 

Oxygen  owes  its  name  to  its  strong  acid-forming  tendendes. 
We  should  expect  that  as  we  increase  the  amount  of  oxygen  in  a 
given  molecule,  the  acid  properties  of  that  molecule  would  show 
a  proportional  augmentation.  But  such  does  not  seem  to  be  the 
case.  If  in  benzoic  acid,  C^HjCO — OH,  we  introduce  a  third  oxy- 
gen atom  in  the  place  where  it  ought  to  have  the  greatest  acidify- 
ing influence  {viz, ,  in  the  carboxyl  group  itself,  C^H^CO — O — OH), 
the  resulting  compound  (benzoyl  hydroperoxide)  is  not  only  less 
acid  than  benzoic  acid,  but  is  actually  weaker  than  carbonic  add.* 
It  would  have  been  difficult  to  foresee  this. 

SOME  NEW  ORGANIC  THEORIES. 

Time  and  space  will  not  permit  more  than  a  brief  reference  to 
the  recent  endeavors  to  extend  our  fundamental  conceptions  of 
organic  processes.  For  many  years,  chemists  have  been  content 
to  study  organic  chemistry  with  attention  fixed  chiefly  upon 
matters  of  detail.  The  larger,  aspects  of  the  subject  have  lain 
dormant  until  quite  recently.  During  the  last  few  years,  how- 
ever, an  effort  has  been  made  on  several  sides  to  replace  some  of 
our  theoretical  views  by  others  better  suited  to  present  conditions. 
For  it  must  not  be  concealed  that  many  investigators  are  dissatis- 
fied with  structural  and  with  stereochemical  methods  of  explana- 

*  Ber.  d.  chem.  Ga.,  33,  3392  (1900). 

•  /.  Chem.  Soc.,  75,  710  (1899). 

3  Baeyer-Villiger :  Ber.  d.  chem.  Ges.,  33,  1569  (1900). 
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tion,  dissatisfied  with  the  idea  of  valence,  aye,  even  with  the 
atomic  theory  itself.* 

In  the  nature  of  things,  all  recent  and  untried  theories  meet 
with  opposition  ;  they  are  often  crude  in  detail,  sometimes  in 
error  as  to  facts  ;  and  for  our  present  purposes  it  will  be  better  to 
.  sketch  in  a  few  words  what  the  theorists  are  hoping  to  achieve 
rather  than  attempt  to  weigh  what  they  have  actually  accom- 
plished. Organic  chemistry  is  in  no  urgent  need  of  new  guide- 
posts  (witness  the  mass  of  new  material  each  year),  so  that  our 
caution  is  at  least  pardonable. 

A  comprehensive  theory  of  unsaturated  compounds  has  been 
attempted  by  Thiele.*  His  fundamental  idea  is  that  in-the  so- 
called  double  bond  the  carbon  atoms  are  really  united  by  two 
valence  units  each,  but  that  a  small  amount  of  *'  residual  affinity" 
is  left : 

>C=:C< 

I       I 

It  is  this  residual  affinity  that  gives  to  the  double  bond  its  addi- 
tive power  ;  as  addition  occurs,  more  residual  affinity  is  liberated, 
owing  to  a  sort  of  equilibrium  condition.  In  the  case  of  two 
adjacent  double  bonds,  two  pairs  of  residual  affinities  would  exist. 


>C==C— C=C<; 

I       I       I       I 

but  the  central  pair  neutralize  each  other,  just  as  two  magnet 
bars  would,  and  we  have  residual  affinity  left  only  at  the  extreme 
ends  of  such  a  ** conjugated  system  of  double  bonds'*  as  Thiele 
calls  it  : 


>C=C;:;C-=C< 
I  I 

In  this  way  he  seeks  to  explain  the  actual  fact  that  where  such 
a  pair  of  double  bonds  occurs  within  a  molecule,  addition  takes  place 
only  at  the  outer  ends,  with  the  establishment  of  a  new  double 
bond  : 

H,C=CH— CH=:CH,+Br,  =  BrH,C— CH=CH— CH,Br. 

Applied  to  benzene,  this  theory  shows  us  three  conjugated 
double  bonds, 

II       (I , 

and  many  of  the  peculiarities  of  benzene  can  be  brought  into  rela- 

*  C/.  OatwA\d*3  *•  Text-book  of  Inorganic  Chemistry." 
>  Ahh.  Chem.  (Uebig),  306,  87  (1899). 
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tion  to  the  properties  of  other  unsaturated  compounds.  Thiele 
has  found  a  supporter  in  Baeyer,'  who  declares  that  here  we  have 
the  ' '  final  expression' '  of  thirty  years  of  discussion.  As  we  owe 
the  bulk  of  our  knowledge  of  the  benzene  ring  to  Baeyer,  this 
sounds  encouraging. 

An  entirely  different  method  of  explaining  organic  reactions 
and  additions  has  •been  elaborated  by  Nef ;'"  according  to  him, 
organic  compounds  have  an  irresistible  tendency  to  become 
strongly  unsaturated,  with  formation  of  bivale;it  carbon  ;  e.  g., 

CH,CH,OH  ^^  CH,— Ch/+H,0, 

and  an 'equally  irresistible  tendency  to  pass  back  again  to  the 
saturated,  quadrivalent  condition  by  adding  on  any  molecules  that 
may  be  within  reach ;  e,  g,, 

CH,— Ch/  +  CHjCH^OH  =  CH,— Ch/ 

^  X)— CH,— CH, 

What  is  missed  in  Nef's  theory  is  the  motive  ;  it  is  often  difl&- 
cult  to  see  why  some  other  form  of  addition  does  not  occur  when 
a  number  of  different,  available  molecules  are  present.  Nef's 
views  have  not  found  the  support  that  has  been  accorded  to 
Thiele' s  theory. 

Finally,  a  third  course  of  reasoning  has  been  developed  by 
Michael."  Michael's  theory  is  too  recent,  too  complicated  and 
too  extensive  to  permit  of  any  properly  comprehensive  summary. 
In  its  essence,  it  ascribes  to  every  atom  in  the  molecule  a  polarity 
(which  is  expressed  in  electric  terms);  addition  reactions  are 
caused  by  attempts  to  neutralize  this  polarity ;  and  the  polarity  of 
each  atom  is  modified  more  or  less  profoundly  by  the  presence 
and  polarity  of  all  the  other  atoms  in  the  molecule.  With  refer- 
ence to  the  theories  of  Thiele  and  Nef,  Michael  endeavors  to  show 
that  Nef's  views  do  not  agree  with  the  facts,  whereas  all  of 
Thiele' s  deductions  can  be  drawn  from  his  own, — ^these  being  more 
general  and  more  fundamental.  If  I  may  append  my  personal 
opinion  of  these  three  theories,  I  should  venture  the  prediction  that 
Michael's  is  more  likely  to  grow  into  the  needs  of  organic  chem- 
istry than  either  of  the  others. 

CONCLUSION. 

It  will  be  seen  that  the  prospects  of  organic  chemistry  are  as 
bright  as  ever.  At  each  of  the  older  problems  hosts  of  busy 
workers  are  successfully  laboring.  New  problems  are  constantly 
arising,  and  new  methods  of  experimentation  are  being  as  steadily 
devised  for  their  study.  A  healthy  and  skeptical  criticism  is  be- 
ing accorded  our  present  theories ;  and  from  the  constructive  side 

•  Ber.  d,  chem.  Ges.^  33,  Sonderheft,  p.  63  (1900). 
s  Ann.  Chem.  (Uebig),  apS,  202  (1897). 
*J.praki.  Chem.,  60,  pp.  1-178  (1899). 


NOTE.  923 

efforts  are  not  lacking  to  provide  us  with  more  accurate  and  more 
comprehensive  generalizations.  From  within  and  without,  the 
organic  chemist  is  stimulated  to  his  best  endeavors  ;  his  efforts 
are  encouraged,  and  his  achievements  are  appreciated.  The 
scientist  can  ask  no  more. 

To  him,  however,  busy  with  other  work,  who  gazes  occasion 
ally  on  organic  chemistry,  it  may  often  seem  to  lack  coherence  of 
effort,  to  waste  its  strength  burrowing  for  details,  and  to  owe 
many  of  its  successes  to  mere  chance.  If  such  a  one  there  be,  I 
recommend  to  his  attention  a  notable  address  by  Baeyer  last 
year.'  From  this  address  he  wall  learn  of  the  unity  of  research 
work — that  nearly  all  of  this  master's  brilliant  discoveries  were 
due  not  to  luck  or  chance,  but  to  the  consistent  prosecution  of  a 
logical  train  of  ideas.  Baeyer's  first  extensive  research  work 
dealt  with  uric  acid.  The  similarity  of  alloxan  and  isatin  led 
him  to  the  indigo  group.  From  this  sprang  the  tension  theory, 
the  quinoline  synthesis,  and  tautomerism.  The  tension  theory 
led  to  the  curious  tetra-acetylene  dicarboxylic  acid  ;  this  to  the 
benzene  ring  studies.  The  investigation  of  terpenes  and  related 
substances  took  its  rise  from  their  similarity  to  reduction  prod- 
ucts of  benzene.  During  the  terpene  researches  some  curious 
peroxides  were  obtained,  and  the  work  described  above  (on  ethyl 
hydroperoxide,  etc.)  resulted  from  following  up  these  latter. 
Thus  we  can  trace  Baeyer' s  research  work — than  whom  no  single 
man  has  contributed  more  to  the  stupendous  growth  of  organic 
chemistry — back  in  an  unbroken  logical  chain  extending  over 
forty  years. 

There  lies  "here  a  world  of  thought  for  him  who  cares  to  find  it. 

Arthur  Lachman. 


NOTE. 

A  Gravimetric  Method  for  the  Estimation  of  Hydrogen  Dioxide, 
— All  the  methods  thus  far  described  for  the  estimation  of  hydro- 
gen dioxide  are  volumetric,  which  may  be  divided  into  the  three 
following  classes :  first,  gasometry,  by  the  use  of  Lunge's  nitrom- 
eter, or  some  modification  of  it ;  second,  iodometry,  originated 
by  Kingzett,  and  depends  upon  the  liberation  of  iodine  from 
potassium  iodide  in  the  presence  of  sulphuric  acid  ;  and,  third, 
oxidimetry,  the  mutual  decomposition  of  potassium  permanganate 
and  hydrogen  dioxide  in  the  presence  of  sulphuric  acid.  Of 
these  three  methods,  the  latter  is  preferred  and  most  frequently 
used.  The  author  has  obtained  good  results  by  estimating  the 
hydrogen  dioxide  as  water.  For  the  purpose  a  **  Schrotter"  ap- 
paratus (with  tube  and  glass  stoppers),  such  as  used  for  carbon 

>  Ber.  d.  chem.  Ges.,  33,  Sonderhcft,  p.  52ff.  (1900). 
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dioxide  determinations  in  mineral  carbonates,  was  employed. 
The  drying  tube  was  half  filled  with  concentrated  sulphuric  acid 
and  the  **  acid  tube'*  with  a  solution  of  potassium  permanganate 
(2  grams  in  100  cc.  water).  The  bulb  contained  10  cc.  water 
and  5  cc.  of  dilute  sulphuric  acid  (1:5).  The  weight  of  the  ap- 
paratus was  now  noted  and  then  about  i  cc.  of  the  hydrogen  di- 
oxide was  introduced.  The  apparatus  was  again  weighed  to  in- 
sure the  amount  of  hydrogen  dioxide  added.  The  permanga- 
nate was  now  allowed  to  flow  in  drop  by  drop  until  a  permanent  faint 
rose  tint  was  formed.  The  apparatus  was  next  allowed  to  cool 
and  then  weighed.  The  author  claims  that  if  the  usual  precau- 
tions are  exercised,  as  prescribed  in  carbon  dioxide  determinations, 
excellent  results  can  be  obtained.  However,  it  must  be  remem- 
bered that  the  loss  in  weight  must  be  divided  by  2,  because  one- 
half  of  the  oxygen  comes  from  the  permanganate  itself,  and, 
furthermore,  a  too  great  excess  of  the  latter  must  be  avoided 
because  the  sulphuric  acid  decomposes  it,  giving  off  oxygen, 

thus  leading  to  higher  results. 

George  E.  Hosch. 
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JAHRBUCH  DBS  VBREINS  DER  SpIRITUS-FaBRIKANTEN  IN   DEUTSCHLAND. 

Erster  Band,  1901.     Berlin  :  Paul  Parey.     316  pp.     Price,  6  M. 

This  volume  gives  reports  of  the  work  of  the  German  Society 
of  Alcohol  Distillers,  also  of  the  Society  of  Starch  Manufacturers, 
for  1900  and  is  the  first  of  the  series.  Heretofore  the  minutes 
and  reports  of  these  organizations  have  been  published  in  the 
form  of  a  supplement  number  to  the  Zeitschrift  fur  Spiritusin- 
dustrie.  This  first  volume  of  the  new  yearbook  contains  316 
pages  and  presents  not  only  the  proceedings  of  the  two  societies 
but  also  a  large  amount  of  statistical  matter  relating  to  produc- 
tion and  consumption  of  alcohol  and  starch.  The  first-named 
society  supports  a  number  of  experimental  laboratories,  and  the 
investigations  of  these  are  briefly  described  in  the  book.  As  al- 
cohol may  be  used  in  the  arts  in  Germany  tax-free  under  certain 
restrictions,  space  is  devoted  to  a  discussion  of  new  outlets  for 
alcohol  in  various  directions.  The  chapter  relating  to  the  advan- 
tages of  the  alcohol  motor  presents  some  very  interesting  data  and 
is  one  of  the  best  in  the  book.  J.  H.  Long. 
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MEETINGS  OF  THE  SECTIONS. 

PHILADELPHIA  SECTION. 

The  thirteenth  meeting  was  called  to  order  in  the  John  Har- 
rison Laboratory,  University  of  Pennsylvania,  at  8.15  p.m.,  Sep- 
tember 13,  1900,  Dr.  Jayne  in  the  chair.  Twenty-eight  (28) 
members  and  visitors  were  present. 

Minutes  of  the  last  meeting  were  read  and  approved. 

It  was  moved  and  seconded  that  a  committee  of  five  be  appoin- 
ted to  consider  the  Brosius  Bill,  which  has  been  brought  before 
the  section.     Carried. 

It  was  moved  and  seconded  that  the  chair  appoint  the  commit- 
tee. Carried.  Messrs.  LefFman,  Kebler,  Remington,  Keller,  and 
Schlichting  were  appointed. 

The  paper  of  the  evening  was  **The  Rapid  Determination  of 
Carbon  in  Steel,*'  by  Mr.  Robert  Job. 

The  paper  was  discussed  by  Messrs.  Sargent,  Jayne,  and  Auchy. 

There  being  no  further  business,  the  meeting  adjourned  at  9.45 

P  •  M .  P.  E.  DODGK,  Secrttarr, 

NEW  YORK  SECTION. 

The  regular  meeting  of  the  New  York  Section  of  the  American 
Chemical  Society  was  held  on  the  evening  of  December  7,  1900, 
at  the  Chemists'  Club,  108  West  55th  Street,  Dr.  C.  A.  Dore- 
mus  presiding. 

Special  invitations  had  been  sent  out  to  those  interested  in 
public  water  supply,  as  the  feature  of  the  meeting  was  an  address 
by  Professor  William  P.  Mason,  of  the  Rensselaer  Polytechnic 
Institute,  of  Troy,  entitled  '*  The  Water  Supplies  of  the  Cities  on 
the  Mediterranean,"  with  lantern  illustrations. 
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The  address,  which  was  fully  illustrated  by  lantern  slides  from 
photographs  taken  while  on  his  trip,  began  with  a  description  of 
Gibraltar,  and  its  peculiar  arrangements  for  water  supply.  From 
there  to  Tunis  and  other  cities  on  the  south  shore,  including  the 
site  of  ancient  Carthage  ;  then  to  Naples  and  Rome. 

The  system  at  Naples,  once  so  primitive  and  unsanitary,  is  now 
on  a  scale  and  of  a  character  to  command  admiration. 

The  typhoid  epidemic  at  Hamburg  in  1892  was  alluded  to,  and 
a  **  spot"  map,  showing  the  number  of  cases  by  black  spots,  gave 
a  graphic  representation  of  the  severity  of  the  scourge  in  Ham- 
burg, and  the  comparative  immunity  of  the  adjoining  town  of 
Altona,  which,  w)iile  having  a  separate  water  supply,  was  not 
more  separated  from  Hamburg  than  Harlem  from  the  rest  of  New 
York  City. 

At  the  close  of  the  address  a  vote  of  thanks  was  passed,  and 
some  routine  business  attended  to.  Pour  representatives  in  the 
council  were  elected,  and  a  committee  of  three  was  appointed  to 
confer  with  the  Bureau  of  Combustibles  in  regard  to  the  present 
existing  restrictions  as  to  storage  of  nitric,  hydrochloric,  and  sul- 
phuric acids. 

Messrs.  T.  J.  Parker,  A.  P.  Hallock,  and  William  McMurtrie 
were  appointed  on  this  committee. 

The  situation,  as  it  now  stands,  is  such  that  a  permit  can  be 
obtained  for  1,000  pounds  only  of  the  acids  named,  whereas 
many  establishments  are  using  more  than  this  amount  every 
twenty-four  hours,  and,  aside  from  the  difficulty  of  having  the 
adds  delivered  each  day,  any  interference  with  daily  delivery 
would  result  in  suspension  of  large  and  important  industries. 

The  stated  meeting  was  held  January  11,  1901 ,  at  the  Chemists' 
Club,  108  West  55th  Street,  as  usual.  Dr.  C.  A.  Doremus  pre- 
sided, and  53  members  were  present. 

The  minutes  of  the  December  meeting  were  read  and  accepted. 
The  November  minutes  were  read  and  accepted. 

Dr.  Parker  reported  progress  for  the  committee  appointed  to 
confer  with  the  Bureau  of  Combustibles  in  regard  to  the  storage 
of  acids. 

The  chair  reported  that  the  revision  of  the  by-laws  was  in  the 
hands  of  the  Executive  Committee  in  accordance  with  the  action 
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taken  at  the  November  meeting.     A  resolution  offered  by  A.  C. 
Hale,  was  then  read  as  follows  : 

*'  Resolved,  That  the  New  York  Section  of  the  American  Chem- 
ical Society  herewith  extends  a  most  cordial  invitation  to  the 
Society  to  celebrate  the  twenty-fifth  anniversary  of  its  foundation 
next  April  in  New  York  City,  and  the  chairman  of  the  New  York 
Section  is  hereby  authorized  and  directed  to  appoint  such  local 
committees  as  he  may  deem  expedient  in  order  to  aid  in  perfect- 
ing arrangements  for  such  celebration.*' 

The  resolution  was  unanimously  approved  and  the  Secretary 
was  instructed  to  instruct  Secretary  Hale  to  formally  extend  the 
invitation  to  the  Society  at  large. 

Dr.  T.  O'Connor  Sloane  then  read  his  paper  entitled  *' Notes  on 
Spheroidal  State  Evaporation,*'  with  experiments. 

Dr.  McMurtrie  made  a  report  on  the  mid-winter  meeting  just 
held  in  Chicago,  to  the  effect  that  it  had  been  very  successful,  and 
the  visiting  members  were  well  entertained.  One  hundred  and 
thirty-nine  members  were  registered.  Numerous  applications  for 
membership  in  the  Society  had  been  entered  as  a  result  of  the 
interest  aroused. 

No  further  business  coming  before  the  meeting,   adjournment 

was  then  taken.  Durand  woodman,  secretary. 

WASHINGTON  SECTION. 

A  regular  meeting  was  held  October  ii,  1900.  The  evening 
was  devoted  to  the  address  of  the  retiring  president.  Dr.  H.  N. 
Stokes,  on  the  subject  **  The  Revival  of  Organic  Chemistry." 

A  regular  meeting  was  held  November  8,  1900. 

The  first  paper  of  the  evening  was  read  by  Mr.  L.  M.  Tolman, 
^nd  was  entitled  ''  The  Examination  of  Jellies,  Jams,  and  Marma- 
lades," by  L.  M.  Tolman,  L.  S.  Munson,  and  W.  D.  Bigelow. 

The  paper  gave  the  results  of  the  examination  of  jellies  and  jams 
manufactured  in  the  laboratory  from  thirteen  varieties  of  fruits. 
The  solids,  ash,  acid,  nitrogen,  reducing  sugar  and  cane-sugar, 
were  determined,  and  the  amount  of  cane-sugar  inverted  was  cal- 
culated. 

The  juices  and  pulps  from  which  the  samples  were  made  were 
also  examined.  The  relation  between  the  acid  content  and  the 
content  of  cane-sugar  inverted  was  especially  noted. 

The  second  paper  of  the  evening  was  read  by  Dr.  Bigelow  and 
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was  entitled  **  The  Nitrogenous  Compounds  of  Meat  Extracts," 
by  W.  D.  Bigelow  and  R.  Harcourt. 

The  authors  examined  about  fifty  commercial  extracts  making 
use  of  the  following  methods  : 

Precipitation  by  bromine  as  directed  by  Allen  ;  precipitation  by 
zinc  sulphate  ;  precipitation  by  ammonium  sulphate ;  precipita- 
tion by  bromine  in  filtrate  from  the  zinc  sulphate  precipitate  ; 
precipitation  by  tannin  and  phosphotungstic  acid  (filtered  sepa- 
rately), the  latter  precipitate  being  filtered  at  about  90°  C,  as 
directed  by  Mallet. 

The  bromine  precipitate  from  the  original  solution  was  found 
to  hold  only  a  small  and  variable  portion  of  the  proteids  present. 
The  zinc  sulphate  precipitate  plus  the  bromine  precipitate  in  the 
filtrate  from  the  same  gave  results  which  were  fairly  satisfactory. 
The  best  results  were  obtained  by  the  use  of  Mallet's  method. 
Mixtures  of  digested  egg  albumen  and  purified  meat  bases  were 
also  subjected  to  the  above  methods. 


The  regular  meeting  was  held  on  December  13,  1900. 

The  first  paper  of  the  evening  was  entitled  *  *  The  Composition 
of  the  Ash  of  Meat  Extracts,"  by  W.  D.  Bigelow  and  E.  McK. 
Chace. 

The  relations  between  solids  and  ash  and  between  the  several 
ash  constituents  were  discussed  in  analyses  of  about  forty  com- 
mercial meat  extracts  and  of  juices  prepared  from  fresh  beef. 

The  second  paper  was  read  by  Dr.  Cameron  and  was  entitled 
*  *  Formation  of  Sodium  Carbonate  or  Black  Alkali  by  Plants. '  * 

The  view  popularly  held  to  ,which  Hilgard,  Goss,  and  others 
have  called  attention,  is  found  to  be  correct.  It  seems  probable 
that  the  phenomenon  is  very  wide-spread,  but  does  not  assume 
practical  importance,  except  under  special  conditions  in  the  arid 
regions.  A  discussion  of  the  r61e  of  mineral  nutrients  in  soil 
solutions  accompanied  the  consideration  of  the  data  experimen- 
tally determined. 

The  last  paper  was  read  by  Dr.  Cameron  and  was  entitled 
"  Resistance  by  Certain  Plants  to  Black  Alkali." 

It  has  been  found  that  a  few  plant  species  exist  which  can  grow 
in  soils  containing  much  sodium  carbonate.  Three  such  plants 
were  examined.     It  was  found  that  these  plants  had  an  organic 
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acid  or  acids  formed  on  their  surface,  sufficiently  strong  to  decom- 
pose alkaline  carbonates.  It  is  believed  that  this  acid  or  acids  aid 
in  lowering  the  concentration  of  the  alkaline  carbonates  in  the 
soil  immediately  about  the  plants  and  thus  protect  the  root  crowns 
from  the  caustic  action  of  the  black  alkali. 

William  H.  Krug,  SecrHary. 
CHICAGO  SECTION. 

The  thirty-seventh  regular  meeting  of  the  Chicago  Section 
was  held  January  i6,  1901. 

A  very  interesting  paper,  followed  by  a  discussion,  was  g^ven 
by  Dr.  R.  A.  Millikan,  of  the  Department  of  Physics,  of  the  Uni- 
versity of  Chicago. 

The  Section  elected  the  following  officers  for.  the  year  1901  : 
President,  Felix  Lengfeld  ;  Vice-President,  Gustav  Thumaur ; 
Secretary,  F.  B.  Dains  ;  Treasurer,  C.  W.  Patterson  ;  Executive 
Committee,  Felix  Lengfeld,  F.  B.  Dains,  and  Edw.  Gudeman. 

p.  B.  Dains,  Secretary. 


NOTICE. 

Letters  have  been  received  from  prominent  chemists  in  Wash- 
ington and  elsewhere,  warning  chemists  and  chemical  firms 
against  a  man  who  claims  to  be  a  deaf  mute.  His  record  has 
been  traced  in  part,  and  he  is  pronounced  by  those  in  a  position 
to  know  to  be  a  rank  impostor.  In  Washington  he  claimed  to  be 
a  Ph.D.  of  Vienna,  and  gave  a  spurious  reference.  In  Baltimore 
he  gave  a  different  reference.  He  is  described  as  thick  set,  about 
five  feet  six  inches  to  five  feet  eight  inches  tall,  with  rather  flat  face 
and  pointed  chin,  smooth  shaven,  except  for  a  small  dark  mustache 
curled  up  at  the  ends,  and  wearing  a  gold  seal  ring  on  left  hand. 
He  is  not  the  person  referred  to  in  a  former  cautionary  notice. 

Albert  C.  Hale, 

Secretary  American  Chemical  Society, 
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MINUTES   OF   THE   TWENTY-SECOND    GENERAL 
MEETING  OF  THE  AMERICAN  CHEMICAL 

SOCIETY. 

The  first  session  of  the  Twenty-Second  General  Meeting  of  the 
American  Chemical  Society  was  held  in  Lewis  Institute,  Chicago, 
111.,  Thursday,  Dec.  27,  1900.  The  session  was  called  to  order  by 
President  McMurtrie,  in  the  Chemical  Lecture  Room  of  the  Insti- 
tute, at  10.15  A.M.  Dr.  W.  R.  Smith,  chairman  of  the  Chicago 
Section  of  the  Society,  was  introduced  and  welcomed  the  chemists 
in  behalf  of  the  local  section.  He  was  followed  by  Howard  S. 
Taylor,  Esq. ,  prosecuting  attorney  for  the  city  of  Chicago,  who 
addressed  a  few  words  of  welcome  in  behalf  of  the  city  and  its 
citizens.  President  McMurtrie  responded  briefly  in  behalf  of  the 
Society,  thanking  the  speakers  for  their  cordial  words  of  welcome. 

After  a  few  announcements,  a  paper  on  '*  Correction  in  the 
Determination  of  Urea  by  the  Liebig Method'*  was  read  by  J.  H. 
Long.  This  was  followed  by  another  paper  by  the  same  author 
on  *'  Preliminary  Note  on  the  Optical  Rotation  of  Certain  Tar- 
trates in  Glycerol."  The  latter  paper  was  discussed  by  Messrs. 
W.  A.  Noyes  and  Long. 

A  paper  on  **The  Decomposition  of  Sodium  Nitrate  by  Sul- 
phuric Add,  Part  II,**  by  C.  W.  Volney,  was  read  by  the  author. 

Edward  Gudeman  presented  a  brief  paper  on  **  Arsenical  Poi- 
soning,** which  was  discussed  by  Messrs.  Springer,  Volney,  and 
Gudeman,  and  Miss  Fossler. 

Two  papers  by  C.  L.  Parsons  entitled  '  *  A  Simple  Test  for  Dis- 
tinguishing Oleomargarine  from  Butter,**  and  **  The  Use  of 
Metallic  Sodium  in  Blowpipe  Analysis*  *  were  read  by  the  secre- 
tary in  the  absence  of  the  author. 
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A  photograph  of  the  assembled  chemists  was  taken,  and  after 
a  few  announcements,  the  morning  session  was  adjourned. 

At  the  close  of  the  morning  session  luncheon  was  served  in  the 
building,  through  the  courtesy  of  the  authorities  of  the  Lewis 
Institute. 

The  Council  of  the  Society  met  at  the  Lewis  Institute  at  1.30 
P.M.  Other  members  of  the  Society  participated  in  visits  to  the 
works  of  Messrs.  Frazer  and  Chalmers,  the  Consumers  Ice  Com- 
pany, and  the  Eisendraht  Tannery  of  the  American  Hide  and 
Leather  Co. 

The  evening  session  of  the  Society  was  held  in  the  Banquet 
Hall  of  the  Auditorium  Hotel,  Dr.  W.  R.  Smith,  vice-president 
of  the  Society  and  chairman  of  the  Chicago  Section,  presiding. 

The  retiring  president.  Dr.  Wm.  McMurtrie,  delivered  an 
address  on  *'  The  Condition,  Prospects,  and  Future  Educational 
Requirements  of  the  Chemical  Industries.** 

After  a  few  announcements  the  session  adjourned.  A  brief 
session  of  the  Council  was  held  at  9  p.m.,  and  later  the  vis- 
iting chemists  enjoyed  a  *'  smoker,**  given  by  the  members  of  the 
local  section,  at  the  Technical  Club,  230  South  Clark  Street. 

FRIDAY,  DECEMBER  28TH. 

The  session  on  Friday  was  held  in  the  Chemical  Lecture  Room 
of  the  Northwestern  University  Medical  and  Pharmacy  School, 
242 1  Dearborn  Street. 

The  meeting  was  called  to  order  by  President  McMurtrie  at 
9.30  A.M. 

The  annual  reports  of  the  secretary,  the  treasurer,  and  the 
librarian  were  presented  in  order  and  read  by  the  secretary. 
These  reports  were  accepted  by  the  Society  and  ordered  placed 
on  file. 

President  McMurtrie  made  a  few  remarks  regarding  the 
thorough  work  which  had  been  accomplished  by  the  librarian 
during  the  past  year,  and  on  motion  of  Dr.  Hart  the  thanks  of 
the  Society  were  voted  to  the  librarian  for  his  successful  and 
faithful  services. 

The  editor  presented  a  brief  oral  report  of  his  work. 

Reports  received  by  the  secretary  from  F.  W.  Clarke,  chairman 
of  the  Committee  on  Atomic  Weights,  and  also  chairman  of  the 
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International  Committee  on  Atomic  Weights,  were  presented  by 
the  secretary,  in  the  absence  9!  Mr.  Clarke  and  were  read  by  title 
and  referred  to  the  Committee  on  Papers  and  Publications. 

The  secretary  reported  from  the  Council  that  that  body  had 
considered  the  question  referred  to  it  by  the  Society  at  the  New 
York  Meeting  with  reference  to  the  passage  of  H.  R.  Bill  104, 
looking  to  the  adoption  and  use  of  the  metric  system  and  had 
decided  to  recommend  that  the  Society  lay  the  question  on  the 
table.  By  a  vote  of  the  Society  the  recommendation  of  the  Coun- 
cil was  adopted  and  the  question  was  laid  on  the  table. 

The  Committee  on  Standards  for  Instruments  of  Measure 
reported  progress  through  Messrs.  Munroe  and  Linebarger,  who 
urged  immediate  action  on  the  part  of  the  membership  with  ref- 
erence to  the  bill  now  pending  in  Congress  to  establish  a  National 
Standards  Bureau. 

The  secretary  presented  a  motion  offered  by  Mr.  Albert  P.  Sy, 
urging  the  appointment  of  a  committee  to  consider  the  adoption 
of  a  permanent  badge  or  pin  by  the  Society.  The  motion  being 
seconded,  it  was  moved  and  carried  that  the  whole  matter  belaid 
ujxjn  the  table. 

The  president  announced  that  F.  W.  Clarke,  of  Washington, 
D.  C,  had  been  elected  president  of  the  Society  for  the  year  1901, 
and  that  the  following  named  members  had  been  elected  council- 
ors to  serve  three  years,  beginning  January  i,  1901  :  William  A. 
Noyes,  F.  A.  Gooch,  T.  W.  Richards,  and  H.  L.  Wells. 

After  some  other  announcements  W.  A.  Noyes  presented  a 
paper  on'*  Synthesis  of  Derivatives  of  Dimethyl-cyclopentanone 
and  of /8->5-Adipic  Acid,  and  of  ar-y5-/5-Trimethyladipic  Acid.'* 
Dr.  Noyes  also  presented  a  paper  by  himself  and  W.  M.  Blanch- 
ard  on  '  *  A  New  Hydroxydihydrocampholy tic  Acid. ' ' 

After  some  other  announcements,  Professor  A.  B.  Prescott  pre- 
sented a  paper  by  P.  F.  Trowbridge  entitled  ''Notes  on  Sugar- 
Beet  Analysis. ' '  This  was  followed  by  a  paper  * '  On  Haematite 
Crystals,*'  by  Charles  E.  Munroe. 

The  remaining  papers  on  the  program  were  read  by  title. 

On  motion  of  Dr.  Alfred  Springer,  the  thanks  of  the  Society 
were  extended  unanimously  to  the  Chicago  Local  Section  ;  the 
Local  Committee  of  Arrangements  for  the  Meeting,  the  authori- 
ties of  the  various  institutions  which  had  extended  courtesies  to 
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the  Society  during  their  meeting,  and  the  proprietors  of  the  vari- 
ous works  which  had  been  thrown  open  to  inspection  by  the  vis- 
iting chemists. 

The  Local  Committee  made  some  announcements  with  refer- 
ence to  a  proposed  excursion  to  South  Chicago  on  Saturday  morn- 
ing and  the  meeting  of  the  Society  was  then  adjourned. 

In  the  afternoon  the  chemists  enjoyed  an  excursion  and  visit  to 
the  Stock  Yards  Industries,  and  at  7  p.m.  a  subscription  dinner 
was  given  in  the  Banquet  Hall  of  the  Auditorium  Hotel. 

ALSB&T  C.  Halb,  Secretary. 
REPORT  OF  THE  SECRETARY. 

The  annual  meeting  of  the  Society  was  held  last  year  in  New 
Haven,  Conn. ,  December  27th  and  28th.  The  meeting  was  one  of 
unusual  interest,  and  there  was  a  large  attendance.  The  summer 
meeting  was  held  in  New  York  City  during  the  last  week  in  June, 
in  connection  with  the  meeting  of  the  American  Association  for 
the  Advancement  of  Science.  It  was  thought  by  those  who  fixed 
the  date  so  early  for  the  meeting  of  the  Association  that,  by  that 
means,  they  would  secure  the  attendance  of  many  who  were 
expecting  to  go  abroad  during  the  summer  to  visit  the  Paris 
Exposition.  As  a  fact,  however,  a  very  large  proportion  of  such 
members  took  their  departure  before  the  date  of  the  meeting,  and 
this  affected  considerably  the  attendance,  both  at  the  Association 
gatherings,  and  at  those  of  the  American  Chemical  Society. 

The  urgent  invitation  which  was  given  by  the  Chicago  Section 
to  hold  the  meeting  of  the  Society  in  that  city  in  December,  1899, 
was  renewed  with  additional  cordiality  for  the  following  year. 
The  Council  at  the  New  York  Meeting,  therefore,  voted  unani- 
mously to  hold  the  annual  meeting  of  the  year  1900  with  the  Chi- 
cago Section,  and  thanks  to  the  persistent  efforts  of  our  friends 
of  that  city  and  section  we  are  now  enjoying  their  bounteous 
hospitality. 

The  American  Association  for  the  Advancement  of  Science  has 
decided  to  hold  its  meeting  next  summer  in  Denver,  during  the 
week  beginning  August  26th,  and  if  our  Society  should  follow 
its  usual  custom,  its  summer  meeting  will  be  held  in  that  city,  Au- 
gust 26th  and  27th.  This  question  will  be  decided  as  usual  by  the 
Council.     Invitations  and  suggestions  for  the  next  two  meetings 
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have  also  been  received  in  a  somewhat  informal  way,  but  it  is  as 
yet  too  early  to  speak  definitely  regarding  them. 

At  the  New  York  Meeting,  the  president  of  the  Society  was 
authorized  and  directed  to  appoint  a  committee,  of  which  he  him- 
self should  be  chairman,  with  power  to  arrange  for  the  celebra- 
tion of  the  25th  anniversary  of  the  foundation  of  the  Society, 
which  will  occur  April  6,  1901.  The  committee  has  been 
appointed,  and  the  names  of  the  members  have  been  given  to  the 
Society  in  a  printed  list  sent  by  mail.  Subcommittees  have 
already  been  appointed,  and  the  preliminary  arrangements  for  the 
anniversary  will  probably  soon  be  well  under  way. 

The  library  this  year  has  been  under  the  eflScient  management 
of  Dr.  E.  G.  Love,  and  is  likelj-  to  be  much  more  serviceable  to 
the  Society  in  the  future  than  it  has  ever  yet  been.  The  library 
had  been  already  well  housed  and  shelved  in  the  rooms  of  the 
Chemists*  Club,  New  York,  where  it  is  still  kept,  and  Professor 
Breneman,  the  acting  librarian  during  the  greater  portion  of  the 
year  1899,  had  done  most  excellent  service  in  putting  it  into  good 
working  condition. 

During  the  past  year  the  Committee  on  Abstracts  and  Reviews 
was  discharged,  and  a  committee  was  appointed  to  report  at  this 
meeting,  upon  the  advisability  of  preparing  a  title-index  of  papers 
for  the  Journal.  .  President  McMurtrie  was  appointed  chairman 
of  this  committee,  which,  as  a  result  of  its  work,  has  elaborated 
a  plan  embracing  the  whole  question  of  abstracts,  etc. 

The  Committee  on  the  Frankland  Memorial  reported  at  the 
New  Haven  Meeting,  and  that  on  the  Bunsen  Memorial  at  the 
New  York  Meeting.  A  new  Committee  on  Duty-Free  Importa- 
tion was  appointed  under  authority  of  the  Council,  last  Febru- 
ary, with  Professor  Charles  E.  Munroe  as  chairman.  In  connec- 
tion with  the  Journal,  there  has  been  appointed  a  Committee  on 
Portraits,  Dr.  Marcus  Benjamin,  chairman  ;  and  a  Committee  on 
Paper  for  the  Journal,  Dr.  Edward  Hart,  chairman. 

At  the  New  York  Meeting  a  resolution  was  presented,  favoring 
the  passage  of  the  H.  R.  Bill  104,  with  reference  to  the  Metric 
System  of  Weights  and  Measures.  This  was  referred  to  the 
Council  to  report  upon  at  the  present  meeting. 

Early  in  the  year,  the  Chemical  Publishing  Company  gave 
notice  of  the  termination  of  the  contract  for  publishing  the  Jour- 
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nal.  This  notice  was  accepted  by  the  directors,  who  also  agreed 
to  a  temporary  arrangement  proposed  by  the  Chemical  Publishing 
Company,  pending  the  formation  of  a  new  contract,  and  the  action 
of  the  directors  was  ratified  by  the  Council.  By  authority  of  the 
Council  at  the  New  York  Meeting,  the  following  persons  were 
appointed  as  a  Committee  on  a  New  Contract  for  the  Journal  : 
Wm.  McMurtrie,  C.  B.  Dudley,  M.  L.  Griffin,  A.  D.  Little,  and 
H.  N.  Stokes.  The  committee  will  probably  present  a  report  to 
the  Council  at  the  present  meeting. 

In  accordance  with  the  action  of  the  Council  at  the  New  Haven 
Meeting,  it  becomes  the  duty  of  the  Council  at  each  annual  meet- 
ing to  place  in  nomination  the  officers  and  committees  which  are  to 
be  elected  by  the  Council  for  the  ensuing  year.  The  Council  has 
also  to  prepare  a  budget  of  expenses  for  the  Societj'^  for  the  com- 
ing year,  based  upon  an  estimate  of  necessary  expenses  prepared 
by  a  committee  consisting  of  the  president,  the  secretary,  the 
treasurer,  and  the  finance  committee. 

The  directors  have  adopted  a  new  schedule  of  rates  for  back 
numbers  and  subscriptions  to  the  Journal  during  the  past  year, 
and  this  schedule  has  already  been  published. 

The  Society  has  at  present  13  local  sections,  the  Council  hav- 
ing authorized  the  establishment  of  one  in  Kansas  City  and  vicin- 
ity, November  6th.  This  section  has  already  been  chartered  and 
organized,  with  21  members,  local  officers,  and  a  delegate  to  the 
Council. 

The  following  statistics  derived  mainly  from  their  annual 
reports,  show  something  of  the  condition  and  work  of  the  various 
sections  during  the  year  just  closing  : 

Rhode  Island  Section, — Present  membership,  34  ;  gain  during 
the  year,  7  ;  number  of  meetings,  9  ;  number  of  papers  pre- 
sented, 7. 

Cincinnati  Section, — Present  membership,  68  ;  gain  during  the 
year,  i  ;  number  of  meetings,  7  ;  number  of  papers  presented,  9. 

New  York  Section. — Present  membership,  389 ;  gain  duringthe 
year,  28;  number  of  meetings,  9;  number  of  papers  presented,  37. 

Washington  Section, — Present  membership,  109  ;  gain  during^ 
the  year,  4  ;  number  of  meetings,  13  ;  number  of  papers  pre- 
sented, 28. 
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Lehigh  Valley  Section, — Present  membership,  i8  ;  loss  during 
the  year,  i;  number  of  meetings,  i;  numberof  papers  presented,  4. 

Chicago  Section, — Present  membership,  65  ;  gain  during  the 
year,  13  ;  number  of  meetings,  6;  numberof  papers  presented,  7. 

Nebraska  Section, — Present  membership,  15  ;  loss  during  the 
year,  3  ;  number  of  meetings,  4  ;  number  of  papers  presented,  8. 

North  Carolina  Section. — Present  membership,  22  ;  gain  during 
the  year,  i ;  number  of  meetings,  i ;  number  of  papers  presented,  6. 

Columbus  Section, — Present  membership,  21  ;  loss  during  the 
year,  i  ;  number  of  meetings,  8. 

North  Eastern  Section, — Present  membership,  237  ;  gain  during 
the  year,  9  ;  number  of  meetings,  8;  numberof  papers  presented, 

15. 

Philadelphia  Section, — Present  membership,  107  ;  gain  during 
the  year,  10  ;  number  of  meetings,  12  ;  number  of  papers  pre- 
sented, 16. 

Michigan  Section, — Present  membership,  48  ;  number  of  meet- 
ings, 2.  This  section  held  its  first  meeting  in  February  of  this 
year. 

Kansas  City  Section, — Present  membership,  21.  This  section 
has  just  been  chartered,  November  6,  1900. 

The  membership  of  the  Society  has  increased  during  the  past 
year  from  1569  to  1715,  the  changes  in  membership  being  as  fol- 
lows : 

New  members  added  during  1900  . . .  234 

Resigned 44 

Dropped  for  non-payment  of  dues. . .     41 

Died 3 

Totalloss —  88 

Net  gain  for  the  year 146 

1  he  Society  has  lost  by  death  the  following  named  members  : 
N.  P.  Hill,  of  Colorado  ;  Edward  R.  Squibb,  of  Brooklyn  ;  and 
Allan  Wells,  of  Pittsburg. 

The  total  number  enrolled  in  the  various  local  sections  is  1154; 
other  members,  561.  The  per  cent,  in  local  sections  is  67+1 
being  almost  identical  with  that  of  last  year. 

Two  new  honorary  members,  Edward  W.  Morley,  of  Cleve- 
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land,  Ohio,  and  Wilhelm  Ostwald,  of  Leipzig,  Germany,  have 
been  elected  during  the  year,  to  fill  the  places  of  Professors  Frank- 
land  and  Bunsen,  who  died  in  1899. 

The  increase  of  membership  during  the  past  year  has  been 
about  the  same  as  the  average  annual  increase  since  the  year  1890, 
when  the  Society  inaugurated  its  present  plan  of  establishing 
local  sections,  and  holding  two  general  meetings  in  different  locali- 
ties annually.  Under  the  inspiration  of  the  coming  25th  anni- 
versary of  the  Society,  it  is  hoped  that  the  membership  will  reach 
the  round  number  of  2,000  before  the  date  of  that  meeting.  The 
following  appeal  which  has  already  been  mailed  to  the  members 
in  connection  with  the  announcement  regarding  the  anniversary 
may  well  be  repeated  here.  ' '  It  is  hoped  that  all  will  unite  in  an 
effort  to  make  this  occasion  the  most  memorable  one  in  the  annals 
of  our  Society,  one  which  shall  mark  an  epoch  in  its  development 
and  progress,  shall  record  its  history  and  achievements,  shall 
show  the  representative  character  and  strength  of  this  organiza- 
tion of  American  chemists,  and  shall  point  the  way  to  higher 
attainments  and  greater  triumphs  in  all  departments  of  pure  and 
applied  chemistry  in  the  new  world. 

**  The  Society  has  now  over  1700  members  upon  its  roll,  and  it 
is  believed  that  with  suitable  effort  upon  the  part  of  its  present 
membership  the  number  could  be  brought  up  to  2,000  before  the 
date  of  its  25th  anniversary.  We  earnestly  solicit  your  most 
hearty  cooperation  to  this  end,  and  trust  that  you  will  aid  in  this 
effort  by  nominating  to  membership  or  associate  membership  some 
personal  acquaintance  who  is  interested  in  the  science  of  chem- 
istry. ' ' 

Respectfully  submitted, 

Albert  C.  Hale,  Secretary, 

REPORT  OF  THE  TREASURER  FROM  DECEMBER  21,   1 899  TO 

DECEMBER  21,   I90O. 

New  York,  N.  Y.,  December  21, 190a 
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North  Eastern J313  33 

Philadelphia 50  00 

Rhode  Island 25  00 

Washington  .^ 86  66 
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18720  75 
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REPORT   OF  THE  LIBRARIAN. 

Number  of  copies  of  the  Proceedings  and  the  Journal  on  hand  : 

In  storage  warehouse 36,470 

At  Chemists'  Club 11,892 

Total 48, 362 

Number  of  copies  sent  out  by  the  librarian  from  February  5th  to  date,  3,195. 

As  nearly  as  can  be  determined  these  were  distributed  as  fol- 
lows : 

As  '*  back  numbers  *'  to  members  and  subscribers 2,231 

Sold^ 919 

To  replace  copies  lost  in  mail 37 

imperfect  copies 8 
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Total 3,195 

Amount  received  from  sales  of  the  Proceedings  and 
the  Journal  to  December  15th,  and  transmitted  to 
the  treasurer I322.98 

Uncollected  accounts 1 17-33 

The  expenses  of  the  librarian's  office  from  February  5,  to  De- 
cember I,  1900,  have  been  as  follows  : 

Postage I61.69 

Stationery  and  printing 43-13 

Library  supplies 10. 15 

Express  and  incidentals 30.81 

Total I145.78 

Appropriation  of  $400  for  completing  files  and  for  binding. 

Number  of  volumes  bound 118 

Cost I162.40 

The  balance  of  this  appropriation  has  been  expended  or  con- 
tracted for  in  completing  the  files  of  journals  in  the  library. 
Several  orders  which  were  placed  with  European  book  dealers 
some  time  ago  have  not  been  filled  at  this  date,  but  upon  the 
receipt  of  the  material  ordered  the  following  files  will  have  been 
completed,  or  nearly  completed,  under  this  appropriation  : 

American  Chemical  Journal^  completed. 

Journal  of  the  Society  of  Chemical  Industry  ^  nearly  completed. 

Journal  of  the  Chemical  Society y  nearly  completed  from  1877. 

Chemical  News^  nearly  completed. 
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Zeitschti/t fur  angewandte  Chemie^  completed. 

Analyst^  completed. 

Archiv  du  Pharmacies  completed  from  Vol.  17. 

Zeitschrift fur  analytische  Chemie^  completed. 

Pharmaceutical  foumaly  completed. 

Transactions  Institute  Electrical  Engineers ^  partially  completed. 

Journal  of  Physical  Chemistry  ^  completed  by  donation. 

These  additions  amount  to  about  308  volumes  and  329  single 
numbers.  The  aim  has  been  to  complete  the  more  important 
files  first ;  but  in  one  or  two  instances  it  has  seemed  adyisable  to 
accept  advantageous  offers  of  material  which  was  necessary  to 
complete  other  files  of  not  so  much  importance. 

A  complete  list  has  been  made  of  all  the  material  in  the  library, 
and  a  card  catalogue  is  in  course  of  preparation. 

Donations  to  the  library  have  been  received  from  the  following: 

F.  P.  Venable,  E.  H.  Miller,  Geo.  C.  Amott,  G.  H.' Boggs, 
E.  P.  Howe,  E.  F.  Hicks,  E.  N.  Pattee,  H.Schweitzer,  editors  of 
Journal  of  Physical  Chemistry  ^  and  Blakiston's  Son  and  Co. 

E.  G.  Love,  Librarian, 

REPORT  OF  THE  COMMITTEE   ON  DUTY-FREE  IMPORTATIONS. 

To  the  Council  of  the  American  Chemical  Society, 

Gentlemen  :  Your  committee  begs  leave  to  report  that  as  the 
effect  of  the  tariff  legislation  secured  in  the  last  Tariff  Act  is  very 
greatly  modified  by  the  rulings  of  the  Treasury  Department,  it  has 
deemed  it  essential  to  make  a  study  of  tariff  legislation  as  shown 
in  the  various  Acts  of  Congress  and  of  the  rulings  of  the  Treasury 
Department  and  hereby  submits  the  record  as  found  in  the 
following  report.  The  first  tariff  act  was  passed  in  the  first  ses- 
sion of  the  first  Congress  on  July  4,  1789.  The  second  Tariff  Act 
passed  by  the  first  Congress  at  its  second  session  on  August  10, 
1790,  specifically  excepted  from  duty  "  philosophical  apparatus, 
specially  imported  for  any  seminary  of  learning." 

The  Tariff  Act  of  April  27,   1816  extended  this  provision  by 
declaring  '  *  That  the  following  articles  shall  be  imported  into  the 
United  States,  free  of  duties  :   ••••••   philosophical  apparatus, 

instruments,  books,  maps,  charts,  statues,  busts,  casts,  paintings, 
drawings,  engravings,  specimens  of  sculpture,  cabinets  of  coins, 
gems,  medals,  and  all  other  collections  of  antiquities,  statuary, 
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modeling,  painting,  drawing,  etching  or  engraving,  specially 
imported  by  order  and  for  use  of  any  society,  incorporated  for 
philosophical  or  literary  purposes,  or  for  the  encouragement  of 
the  fine  arts,  or  by  order,  and  for  the  use  of  any  seminary  of 
learning,  specimens  in  natural  history,  mineralogy,  botany,  and 
anatomical  preparations,  models  of  machinery,  and  other  inven- 
tions, plants  and  trees.** 

This  exemption  was  again  declared  in  the  Tariff  Acts  of  Sep- 
tember II,  1 84 1,  and  August  30,  1842,  the  phraseology  being 
changed  in  the  latter  to  read  as  follows  : 

''  Philosophical  apparatus,  instruments,  books,  maps,  and 
charts,  statues,  stationery,  busts  and  casts  of  marble,  bronze,  ala- 
baster, or  plaster  of  Paris,  paintin^^s,  drawings,  engravings,  etch- 
ings, specimens  of  sculpture,  cabinets  of  coins,  medals,  gems,  and 
all  other  collections  of  antiquities,  provided  the  same  be  especially 
imported  in  good  faith  for  the  use  of  any  society  incorporated  or 
established  for  philosophical  or  literary  purposes,  or  for  the  en- 
couragement of  the  fine  arts,  or  for  the  use  and  by  the  order  of 
any  college,  academy,  school  or  seminary  of  learning  in  the  United 
States.** 

Although  all  the  other  articles  mentioned  in  the  foregoing  clause 
appear  on  the  free  list,  apparently  by  an  inadvertence,  philosophi- 
cal instruments  and  apparatus  are  not  enumerated  among  the 
articles  exempt  from  duty  in  the  Tariff  Act  of  July  30,  1846,  or 
in  the  Acts  of  the  succeeding  Congresses  up  to  March  3,  1857, 
when  the  phraseology  of  the  Act  of  August  30,  1842,  is  repeated. 
This  Act  prevailed  until  a  new  one  was  enacted  on  March  2,  1861, 
which,  while  making  many  sweeping  changes,  retained  the  same 
phraseology  and  provisions  as  to  philosophical  instruments,  etc. 
The  necessities  of  the  Civil  War,  however,  compelled  the  authori- 
ties to  seek  revenue  from  every  possible  source  and  in  the  Act  of 

June  30,  1864,  it  was  enacted  ''  That  so  much  of the  Act 

approved  March  2,  1861,  as  exempts  from  duty  all  philo- 
sophical apparatus  and  instruments  imported  for  the  use  of  any 
society  incorporated  for  philosophical,  literary,  or  religious  pur- 
poses, or  for  the  encouragement  of  the  fine  arts,  or  for  the  use  or 
by  the  order  of  any  college,  academy,  school  or  seminary  of  learn- 
ing in  the  United  States  is  hereby  repealed  and  the  same  shall  be 
subject  to  a  duty  of  15  per  centum  ad  ifalorem.'^ 
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By  the  TariflF  Act  of  July  14,   1870,  apparatus  was  restored  to 
the  free  list  in  the  following  terms  : 

*'  Philosophical  and  scientific  apparatus,  instruments,  and  prep- 
arations   specially  imported  in  good  faith,  for  the  use  of 

any  society  or  institution  incorporated  or  established  for  philo- 
sophical, educational,  scientific  or  literary  purposes,  or  encour- 
agement of  the  fine  arts,  and  not  intended  for  sale.*' 

This  phraseology  was  repeated  in  the  Acts  of  March  3,  1883, 
and  October  i,  1890,  except  that  the  word  *religious*  was  inserted 
before  philosophical  in  enumerating  the  kind  of  societies  or  insti- 
tutions, and  as  thus  modified  it  was  repeated  in  the  Act  of  August 
27,  1894,  except  that  the  opening  declaration  was  amended  to 
read  *  *  Philosophical  and  scientific  apparatus,  utensils,  instru-  1 
ments,  and  preparations,  including  bottles  and  boxes,  containing 
the  same,'*  etc.,  etc. 

Finally,  in  the  Tariff  Act  of  July  24,  1897,  the  declaration  of 
articles  exempt  from  duty  under  Section  638  took  the  following 
form:  '*  Philosophical  and  scientific  apparatus,  utensils,  instru- 
ments, and  preparations,  including  bottles  and  boxes  containing 
the  same,  specially  imported  in  good  faith,  for  the  use  and  by 
order  of  any  society  or  institution  incorporated  or  established 
solely  for  religious,  philosophical,  educational,  scientific,  or  liter- 
ary purposes,  or  for  the  encouragement  of  the  fine  arts,  or  for  the 
use  or  by  order  of  any  college,  academy,  school,  or  seminary  of 
learning  in  the  United  States,  or  ^ny  State  or  Public  Library,  and 
not  /or  sale,  subject  to  such  regulations  as  the  secretary  of  the 
treasury  shall  prescribe  ' '  and  this  is  existing  law. 

This  history  shows  that  beginning  with  the  first  Congress  and 
extending  to  the  present,  except  by  inadvertence  in  framing  the 
Free  Trade  Act  of  1846  and  during  the  period  while  the  burdens 
of  the  Civil  War  lay  heavy  upon  the  countr>%  it  has  been  the 
endeavor  of  our  national  legislators  to  exempt  from  duty  the  tools 
of  instruction  and  they  have  been  logical  in  this  since  it  was  rec- 
ognized from  the  founding  of  the  colonies  that  the  education  of 
the  masses  is  essential  to  the  existence  of  a  free  government  and 
taxes  have  been  freely  laid  for  its  maintenance.  Nevertheless 
the  evident  purpose  of  Congress  has  been  repeatedly  thwarted  by 
the  revenue  oflScials  who  have  sought  to  make  rulings  which 
would  subject  the  tools  and  materials  used  in  education  to  duty. 
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This  is  shown  in  the  following  letters  received  by  your  committee 
as  first  appointed  : 

Cambridge,  January  24,  '94. 
Dear  Mr.  Munroe  : 

I  have  received  your  circular  and  write  to  say  that  I  know  more 
about  the  phrase  '  *  philosophical  or  scientific  instruments  and 
preparations  ' '  than  any  one  still  in  active  life.  I  chanced  to  be. 
in  Washington,  delivering  a  course  of  lectures  at  the  Smithsonian, 
in  January,  1870,  when  the  tariff  was  under  discussion.  My  late 
friend  Mr.  Hooper  was  Chairman  of  the  Ways  and  Means  Com- 
mittee, and  at  his  instance  I  was  consulted  as  to  the  phraseology  and 
incompatibles  in  the  schedule  of  drugs  and  chemicals.  Up  to 
that  time  '  *  Philosophical  Instruments  ' '  alone  had  been  placed  on 
the  free  list,  and  this  term  was  interpreted  to  cover  only  brass 
instruments  such  as  are  found  in  collections  of  physical  apparatus. 
As  I  was  given  the  opportunity  I  urged  that  all  materials  what- 
soever used  for  teaching  or  scientific  investigation  should  be  put 
on  the  free  list,  but  I  learned  through  Mr.  Hooper  that  the  com- 
mittee feared  such  a  sweeping  provision,  because  it  would  open 
the  door  to  evasion  ;  and  the  phrase  quoted  above  was  the  result 
of  numerous  consultations.  '  *  Scientific  instruments  and  prepa- 
rations * '  was  intended  to  cover  all  such  material  imported  bona 
Jide  for  an  educational  institution  such  as  glass-  and  porcelain-ware 
used  in  chemical  laboratories  and  also  chemicals.  I  objected  to 
the  phrase  on  the  ground  that  such  an  interpretation  could  be 
easily  set  aside  by  the  collectors  of  the  several  ports,  but  Mr. 
Hooper  said  he  would  attend  to  that.  In  fact  the  first  importa- 
tions I  made  after  the  bill  was  enacted  were  challenged  both  at 
Boston  and  New  York.  I  appealed  as  directed,  and  wrote  to  Mr. 
Hooper,  and,  as  he  had  promised,  the  appeal  was  granted.  Thus 
the  free  entry  of  chemical  goods  ever  since  rests  on  this  decision, 
although  I  am  told  that  the  New  York  and  Philadelphia  collec- 
tors have  attempted  to  override  the  decision  this  last  year.  I  have 
felt  that  it  was  unwise  to  meddle  with  the  old  arrangement, 
although  of  course  I  would  prefer  a  more  liberal  policy;  but  there 
is  great  danger  of  losing  what  we  have  secured  if  we  stir  the  mud. 
I  don't  believe  in  your  rebate  proposition.  It  would  complicate 
matters  immensely  and  increase  the  cost  of  importations.  If  I 
was  going  in  for  a  change  I  would  prefer  the  proposition  of  the 


(26) 

National  Academy,  adding  however  **for  the  sole  purpose  of  teach- 
ing/'    Remember  I  have  been  in  the  business  forty-five  years. 

Very  truly, 
(Signed)  Josiah  P.  Cookk. 

Cambridge,  January  28,  '94. 
Dear  Mr.  Munroe  : 

I  have  your  answer  to  my  letter  called  forth  by  your  circular. 
Since  writing  that  letter  I  have  been  visited  by  an  agent  of  one 
of  the  large  firms  who  as  you  say  are  moving  in  the  matter  and  I 
told  him  what  substantially  I  wrote  to  you.  The  immediate  motive 
of  the  movement  is  a  decision  of  the  New  York  and  Boston  col- 
lectors that  chemical  glassware  and  chemicals  do  not  come  under 
the  category  of  **  scientific  apparatus  and  preparations."  This, 
however,  is  a  freak  of  the  Treasury  Department  and  could  beset 
right  at  Washington.  As  I  wrote  you,  the  **  Ways  and  Means 
Committee**  of  1870,  in  adopting  that  language,  intended  after 
full  consideration  to  include  all  such  materials  under  these  terms 
and  contemplated  having  them  further  defined  by  the  Treasury 
Department.  They  were  so  defined  at  the  motion  of  the  chair- 
man of  the  committee  in  a  formal  discussion  which  can  only  be 
set  aside,  according  to  their  usage,  on  the  recommendation  of  the 
Attorney-General.  Now  I  am  very  sure  it  has  never  been  set 
aside  and  all  that  is  necessary  in  the  premises  to  set  things  right 
is  for  some  influential  person  to  see  the  Assistant  Secretary  and 
have  the  matter  looked  up.  As  I  wrote  I  am  one  of  a  few,  if  not 
the  only  person  who  knows  what  the  intentions  of  the  committee 
of  1870  were,  and  if  I  can  be  of  service  in  the  matter  with  my 
testimony  I  shall  be  glad  to  do  what  I  can. 

Very  trulj', 
(Signed)  Josiah  P.  Cooke. 

The  law  governing  the  decisions  of  the  secretary  referred  toby 
Professor  Cooke  is  probably  the  one  found  in  S.  L.,  Vol.  18, 
Chapter  cxxxvi,  of  March  3,  1875,  Section  2.  **  That  no 
ruling  or  decision  once  made  by  the  Secretary  of  the  Treasury, 
giving  construction  to  any  law  imposing  customs  duties,  shall  be 
reversed  or  modified  adversely  to  the  United  States,  by  the  same 
or  a  succeeding  secretary,  except  in  concurrence  with  an  opinion 
of  the  Attorney-General  recommending  the  same,  or  a  judicial 
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decision  of  a  circuit  or  district  court  of  the  United  States  conflict- 
ing with  such  ruling  or  decision,  and  from  which  the  Attorney- 
General  shall  certify  that  no  appeal  or  writ  of  error  will  be  taken 
by  the  United  States  :  Provided,  that  the  Secretary  of  the  Treas- 
ury may  in  his  discretion,  decline  to  aquiesce  in  the  judgment, 
decision,  or  ruling  of  an  inferior  court  upon  any  question  affecting 
the  interests  of  the  United  States,  when,  in  his  opinion,  such 
interests  require  a  final  adjudication  of  such  question  by  the  court 
of  last  resort.'' 

The  method  of  procedure  for  appraisement  and  contest  as  set 
forth  in  Sections  lo  ^^  seq,  of  the  Tariff  Act  of  June  lo,  1890, 
shows  that  it  is  beyond  the  power  of  those  poor  institutions,  that 
most  need  the  benefit  of  duty-free  goods,  to  contest  a  decision  of 
an  appraiser. 

Effort  has  constantly  been  made  by  the  customs  ofiBcials  to  read 
into  the  phraseology  of  the  Tariff  acts  something  else  than  its 
plain  and  evident  meaning.  Naturally  this  has  led  to  contests 
and  because  of  these  the  Secretary  of  the  Treasury  addressed  the 
National  Academy  of  Sciences  September  13,  1884,  stating  that 
the  appraiser  had  experienced  great  difiiculty  *  *  in  determining 
what  instruments  and  other  articles  are  entitled  to  classification 
for  duty  as  *  philosophical  apparatus  and  instruments'  under  the 
Tariff  Act  of  March  3,  1883,"  and  asking  the  Academy  to  report 
**alist  comprising  the  different  articles  which  properly  come 
within  the  scope  of  the  said  statutory  provision." 

The  Academy  reported  (quoting  the  clause  taxing  philosophi- 
cal apparatus  and  instruments,  35  per  cent,  ad  valorem^  and  the 
clause  admitting  philosophical  and  scientific  apparatus,  instru- 
ments and  preparations  duty-free  when  imported  for  the  use  of 
educational  and  other  institutions)  that  *  *  the  obvious  intent  of 
Congress  in  specially  designating  philosophical  instruments  was 
to  cover  the  case  of  institutions  and  individuals  who  might  import 
the  instruments  and  apparatus  for  the  purpose  of  improving  nat- 
ural knowledge,"  and  that  it  had  not  found  it  possible  to  prepare 
the  desired  list  in  a  way  which  would  be  at  all  satisfactory 
because  '*  Firstly,  an  instrument  is  philosophical,  not  in  conse- 
quence of  its  special  construction  or  function,  but  in  consequence 
of  the  uses  to  which  it  is  to  be  put,  and  many  instruments  may  be 
put  both  to  uses  which  are  philosophical  and  to  uses  which  are 
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purely  industrial  or  commercial.  Secondly,  the  number  of  differ- 
ent kinds  of  philosophical  apparatus  is  so  g^eat,  and  new  kinds 
are  so  constantly  added,  that  an  exhaustive  enumeration  is 
impossible." — Report  Natural  Academy  of  Sciences^  1884.,  pages 
65-67. 

The  following  decisions  of  the  Treasury  Department  as  issued 
for  guidance  of  its  appraisers  show  its  attitude  : 

(9610) 
Free  entry — Surgical  Instruments  for  Hospital, 

Treasury  Department,  September  5,  1890. 

Sir  :  The  Department  is  in  receipt  of  your  letter  of  the  28th 
ultimo,  reporting  on  the  application  of  Mr.  T.  G.  Wall,  Superin- 
tendent of  the  Presbyterian  Hospital,  for  the  free  entry  of  certain 
surgical  instruments  and  apparatus  imported  for  the  use  of  said 
hospital. 

It  appears  from  your  report  that  the  free  entry  of  the  articles 
was  refused  by  you  on  the  ground  that  there  was  no  school  of 
medicine  attached  to  the  hospital,  and  you  cite  the  Department's 
decision  of  January  17,  1881,  in  a  similar  case  where  no  duty  was 
levied  on  instruments  imported  by  the  New  York  Hospital. 

In  said  case  it  appears  that  a  regular  school  of  medicine  was 
attached  to  the  hospital,  and  that  fact  was  mentioned  as  a  reason 
for  admitting  the  instruments  to  free  entry. 

The  provisions  of  the  free  list,  T.  I.,  759,  exempts  from  duty 

* 

**  Philosophical  and  scientific  apparatus,  instruments,  and  prepa- 
rations  specially  imported  in  good  faith,  for  the  use  of  any 

society  or  institution  incorporated  or  established  for  religious, 
philosophical,  educational,  scientific,  or  literary  purposes.*' 

In  view  of  the  statement  of  Mr.  Frederick  Sturgis,  trustee  of 
the  hospital,  that  it  is  maintained  for  the  two  distinct  purposes 
of  education  and  care  of  the  sick  poor,  and  that  while  it  has  no 
school  in  the  strict  sense  of  that  term,  its  amphitheater  is  a  con- 
stant resort  of  students  who  receive  instructions  from  the  senior 
operating  surgeons,  and  that  thirteen  class  h^ads  are  constantly 
accompanied  by  juniors  who  receive  instructions  from  them,  the 
Department  is  of  the  opinion  that  the  institution  is  entitled  to  the 
benefits  conferred  by  T.  I.,  759. 

You  are  therefore  authorized  to  admit  the  instruments  and 
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apparatus  in  question  to  entry  free  of  duty  under  said  provision 

of  law. 

Respectfully  yours, 

George  S.  Batcheli^er. 

Acting  Secretary. 

Collector  op  Customs,  New  York,  N.  Y. 

(10603) 

Philosophical  and  Scientific  Apparatus. 

Treasury  Department,  January  16,  1891. 

Sir  :  I  transmit  herewith  a  copy  of  a  decision  of  the  United 
States  Supreme  Court,  No.  86,  of  William  H.  Robertson,  collector, 
etc.,  against  Oswald  Oelschlaeger,  and  No.  255,  of  Oswald 
Oelschlaeger  against  William  H.  Robertson  which  is  partly  in 
favor  of  the  government  and  partly  in  favor  of  the  importer. 

The  question  involved  was  as  to  the  classification,  under  the 
Tariff  Act  of  March  3,  1883,  of  various  instruments,  used  in  the 
arts,  or  in  laboratories,  or  for  observation  and  experiment,  etc., 
manufactured  partly  of  metal,  which  were  imported  into  your 
port  in  1884,  the  defendant  (collector)  having  subjected  such  arti- 
cles to  a  duty  of  45  per  cent,  ad  valorem^  under  the  provisions  in 
Schedule  C,  Paragraph  216,  of  said  Act,  ** Manufactures,  articles, 
or  wares  not  specially  enumerated  or  provided  for  in  this  Act, 
composed  wholly  or  in  part  of  iron,  steel,  copper,  lead,  nickel, 
pewter,  tin,  zinc,  gold,  silver,  platinum,  or  any  other  metal  and 
whether  partly  or  wholly  manufactured,*'  while  the  plaintiff, 
(importer)  claimed  that  the  articles  were  "  Philosophical  appara- 
tus and  instruVnents,*'  and  dutiable  at  the  rate  of  35  per  cent,  ad 
valorem,  under  Paragraph  475,  Schedule  M,  of  said  Act. 

It  will  be  seen  that  by  this  decision,  the  rule  laid  down  by  the 
United  States  Circuit  Court  upon  the  trial  of  the  cases  in  that 
Court  is  aflSrmed,  and  that  thereunder  the  following  specific  arti- 
cles (designated  by  the  number  of  the  exhibit  as  given  in  the 
decision)  are  decided  to  be  dutiable  at  the  rate  of  45  per  cent,  ad 
valorem,  as  classified  by  the  defendant  (collector),  viz  : 

No.  2.  So-called  trial  box  being  a  small  microscope  arranged 
in  a  brass  frame  with  a  slot,  used  commonly  for  the  examination 
of  textile  fabrics,  etc. 

No.  3.  Jewelers*  magnifying  glasses,  adapted  to  fit  the  eye. 

No.  7.  Opera  glasses. 
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No.  9.  Magnifying  glasses  or  low  power  microscopes  with  handle. 

No.  10.  Piano  convex  lens,  unmounted,  used  in  the  construc- 
tion of  telescopes,  opera  glasses,  etc. 

No.  12.  Ophthalmoscopes,  instruments  used  by  oculists  for 
examining  the  interior  of  the  eye,  etc. 

No.  13.  Graphoscopes,  being  combination  magnifying  glasses 
and  stereoscopes. 

No.  14.  Oculists'  outfits,  consisting  of  boxes  containing  a  num- 
ber of  glass  lenses,  ground  to  different  angles,  etc. 

No.  17.  Dentists'  specula, — small  mirrors,  mounted,  with 
handles,  for  examining  inside  the  mouth. 

No.  19.  Pocket  batteries  for  physicians,  a  combination  of  elec- 
tric battery  and  Ruhmkorff  coil  used  by  physicians. 

No.  23.  A  small  pocket  compass. 

No.  27.  Thermometers  mounted  on  glass. 

No.  28.  Ordinary  thermometers,  mounted  on  wood. 

No.  29.  Thermometers,  minimum,  for  testing  alcohol. 

No.  31.  Small  thermometers  (bric-a-brac),  mounted  on  small 
pieces  of  metal,  and  arranged  to  put  on  plaques  and  fancy  orna- 
ments. 

No.  32.  Dairy  thermometers,  and  hydrometers  combined,  used 
for  measuring  the  density  of  fluids,  at  certain  temperatures. 

Nos.  34  and  35.  Clinical  thermometers,  used  by  physicians,  in 
their  ordinary  practice. 

No.  36.  Pocket  thermometers  wnth  cover. 

No.  41 .  Alcoholometers,  used  for  measuring  the  specific  gravity 
of  alcohol. 

No.  42.  Urinometers,  used  by  physicians  in  their  practice. 

No.  44.  Spectacle  lenses. 

As  to  the  following  specified  articles,  however,  the  Court 
decided  that  they  were  philosophical  apparatus  or  instruments  and 
were  dutiable  at  the  rate  of  35  per  cent,  ad  valorem,  as  claimed  by 
the  plaintiff  : 

Nos.  I  and  i  1/2.  Large  compound  microscopes  with  accompa- 
nying prepared  slides,  the  microscopes  being  used  for  examining 
minute  objects  invisible  to  the  naked  eye. 

No.  4.  Astronomical  telescopes  on  tripods. 

No.  5.  Single-barreled  telescopes  or  marine  glasses  for  exam- 
ining objects  at  a  distance. 
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No.  6.  Double-barrel  or  marine  glasses,  used  to  examine  objects 
at  a  distance. 

No.  8.  Small  telescopes  on  brass  tripods. 

No.  II.  Reflecting  mirrors  used  in  old  telescopes. 

No.  15  and  16.  Stereopticons  or  magic  lanterns,  with  accompa- 
nying slides. 

No.  18.  Grenet  batteries,  electric  batteries  for  generating  elec- 
tricity, used  largely  in  experiment. 

No.  20.  Inductive  Ruhmkorflf  coils,  used  for  a  variety  of  pur- 
poses. 

No.  21.  Galvanometers,  used  for  detecting  electrical  currents. 

No.  22.  Geissler  tubes,  used  by  scientists. 

No.  24.  Anemometers  used  for  measuring  velocity  of  the  wind. 

Nos.  25  and  26.  Hygrometers,  used  for  measuring  moisture  in 
the  atmosphere. 

No.  30.  Maximum  and  minimum  thermometers  for  recording 
temperatures. 

No.  33.  Laboratory  thermometers,  unmounted,  used  for  scien- 
tific purposes. 

Nos.  37,  38,  39.  Aneroid  barometers,  used  for  measuring  pres- 
sure and  weight  of  the  atmosphere. 

No.  40.  Hydrometers,  used  for  obtaining  specific  gravity  of 
liquids. 

No.  43.  Radiometers,  used  for  illustrating  the  radiation  of  heat 
and  light. 

It  will  be  noticed,  that  in  reaching  these  conclusions  the  Court 
says  that  while  **  there  is  undoubtedly  a  clear  distinction  between 
mechanical  implements  and  philosophical  instruments  or  appara- 
tus,   it  is  somewhat  difl5cult  in  practice  to  draw  the  line  of 

distinction  between  the  two  classes,  inasmuch  as  many  instru- 
ments originally  used  only  for  the  purpose  of  observation  and 
experiment  have  since  come  to  be  used  partially  or  wholly,  as 
implements  in  the  arts;  and  on  the  other  hand,  many  implements 
merely  mechanical  are  constantly  used  as  aids  in  carrying  on 
observations  and  experiments  of  a  philosophical  character,'*  and 
that  **  in  sliort,  philosophical  apparatus  and  instruments  are  such 
as  are  more  commonly  used  for  the  purpose  of  making  observa- 
tions and  discoveries  in  nature,  and  experiments  for  developing 
and  exhibiting  natural  forces,   and  the  conditions  under  which 
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they  can  be  called  into  activity  ;  while  implements  for  mechani- 
cal or  professional  use  in  the  arts  are  such  as  are  more  usually 
employed  in  the  trades  and  professions  for  performing  the  opera- 
tions incidental  thereto.*' 

It  is  also  set  forth  in  the  opinion  of  the  Court  that  the  judge 
in  the  Court  below  committed  no  error  as  to  the  character  and 
classification  of  the  instruments  respecting  which  he  directed  the 
jury  what  verdict  to  render. 

Upon  due  entry  of  the  judgment  in  the  Court  below,  in  pur- 
suance of  the  mandate  of  the  United  States  Supreme  Court,  you 
are  hereby  authorized  to  take  the  necessary  steps  for  its  settle- 
ment, by  forwarding  the  usual  certified  statement  for  the  con- 
sideration of  the  Department. 

This  decision  will  also  apply  to  any  other  suits  which  may  now 
be  pending  at  your  Court,  involving  the  same  question,  and  the 
course  above  indicated  may  be  pursued  as  to  them,  provided,  of 
course,  that  the  requirements  of  the  statutes  in  force  at  the  time 
of  their  institution  were  fully  complied  with  as  to  protest,  appeal, 
etc. 

In  reliquidating  entries  covered  by  said  suits,   however,  care 

will  be   taken  to  see  that  the  distinction  drawn  by  the  Court 

between  the  two  classes  of  instruments  is  strictly  observed,  and 

that  only  such  articles  as -thereby  come  within  the  scope  of  the 

provision  in  said  Act  of  1883  (Paragraph  475),  for  **  philosophical 

apparatus  and  instruments,"  are  reclassified  at  a  duty  of  35  per 

cent,  ad  valorem. 

Respectfully  yours, 

William  Windom, 

Secretary. 

Collector  of  Customs,  New  York,  N.  Y. 

(10607) 

Boxes  Containi7ig  Philosophical  Apparatus, 

Treasury  Department,  January  17,  1891. 

Sir  :  The  Department  received  your  letter  of  November  7th 
last,  submitting  the  appeal,  931 1  /,  of  Messrs.  J.  W.  Queen  and 
Co.,  from  your  assessment  of  duty  at  the  rate  of  45  per  cent,  ad 
valorem^  on  certain  so-called  cartons  containing  philosophical 
apparatus,  imported  by  them  per  Indiana,  February  11, 1890  (pro- 
test filed  prior  to  August  i,  1900),  and  claimed  to  be  entitled  to 
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exemption  from  duty  under  the  provisions  of  Section  7,  Act  of 
March  3,  1883. 

From  the  report  of  the  appraiser  it  appears  that  the  articles  in 
question  are  not  cartons  or  coverings,  in  the  ordinary  sense  of  the 
term,  but  that  they  form  part  and  parcel  of  certain  electrical 
instruments,  being  adapted  to  use  only  as  parts  of  such  instru- 
ments, the  value  being  included  in  the  invoice  price,  and  that  the 
instruments,  including  the  boxes,  were  classified  as  entireties,  as 
manufactures  in  part  of  metal,  dutiable  at  the  rate  of  45  per  cent. 
ad  valorem,  under  the  provisions  of  T.  I.,  216. 

The  daim  that  such  cartons  or  boxes  are  entitled  to  free  entry 
as  coverings  is  therefore  rejected  and  your  assessment  of  duty 
thereon  as  parts  of  the  instruments  is  hereby  afiirmed. 

Respectfully  yours, 

O.  L.  Spaulding, 

Collector  of  Customs,  Philadelphia,  Pa.  Assistant  Secretary , 

(10619) 

Magic- Lantern  Slides  for  Sunday  School  Purposes. 

Treasury  Department,  January  21,  1891. 

Sir  :  The  Department  is  in  receipt  of  a  letter  addressed  to  you 
by  F.  B.  Swayne,  of  Toledo,  Ohio,  under  date  of  the  14th  inst., 
in  which  he  inquires  whether  magic-lantern  slides  for  Sunday 
School  purposes,  and  to  be  the  property  of  the  church  would  be 
admitted  free  of  duty  under  the  statute  providing  for  the  admis- 
sion without  duty  of  philosophical  apparatus,  etc. ,  which  is  to 
become  the  property  of  an  educational  or  religious  institution. 

In  reply,  I  have  to  inform  you  that  the  Supreme  Court  has 
recently  decided  that  stereopticons,  with  accompanying  slides,  are 
philosophical  apparatus  and  instruments,  and  as  Paragraph  677, 
of  the  Act  of  October  i,  1890,  exempts  from  duty  '*  philosophi- 
cal and  scientific  apparatus specially   imported  in  good 

faith,  for  the  use  of  any  society  or  institution   incorporated  or 

established  for  religious purposes, and  not  intended 

for  sale,**  the  Department  is  of  the  opinion  that  such  slides  are 
entitled  to  exemption  from  duty  if  specially  imported  for  the  use 
of  said  society.  Respectfully  yours, 

William  Windom, 
Hon.  William  E.  Haynes,  Secretary, 

U.  S.  House  of  Representatives. 
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(10683 — G.  A.  267) 
Free  Entry — Articles  for  College — India- Rubber  Tubing. 

Before  the  U.  S.  General  Appraisers,  at  New  York,  January  23.  1891. 

In  the  matter  of  the  protest,  1849  a,  of  Richard 
King  and  Co.,  against  the  assessment  of  duty  by  the 
collector  of  the  port  of  New  York,  on  **  India-rub- 
ber tubing,**  imported  perServia,  August  13,  1890. 
— Opinion  by  Sharretts,  General  Appraiser. 

The  appraiser  reports  the  merchandise  to  be  the  ordinary  India- 
rubber  tubing  of  commerce,  suitable  for  various  uses.  Duty  was 
assessed  upon  the  same  at  25  per  cent,  ad  valorem^  under  T.  I., 
454.  The  appellants  contend  that  the  article  was  imported  for 
the  use  of  Cornell  University,  and  is  entitled  to  free  entry  as 
philosophical  or  scientific  apparatus  or  instruments. 

The  importers  were  invited  to  appear  before  us  and  give  evi- 
dence in  substantiation  of  their  claim,  but  having  failed  to  do  so, 
we  assume  the  return  made  by  the  appraiser  is  correct ;  and  as 
India-rubber  tubing,  such  as  is  designed  for  general  use,  is  not 
philosophical  or  scientific  apparatus  or  instruments  within  the 
meaning  of  the  law,  the  fact  that  the  importation  in  question  is 
intended  for  use  of  a  college,  in  connection  with  the  class  of  appa- 
ratus or  instruments  provided  for  in  T.  I.,  759,  does  not,  in  our 
opinion,  aflFect  the  result.  The  action  of  the  collector  is  accord- 
ingly affirmed. 

(ii045~G.  A.  488) 

Philosophical  Instruments  and  Apparatus  —Celluloid  Labels  for 

Plants  not  Free  As, 

Before  the  U.  S.  General  Appraisers  at  New  York,  April  14,  1891. 

In  the  matter  of  the  protest,  3147  b,  of  Missouri- 
Botanical  Garden,  against  the  decision  of  the 
surveyor  of  customs,  at  St.  I/)uis,  Mo.,  as  to 
the  rate  and  amount  of  duties  chargeable  on 
certain  celluloid  labels  for  plants,  imported  per 
Rugia,  December  12,  1890. — Opinion  by  Wil- 
kinson, General  Appraiser. 

The  articles  in  question  are  celluloid  tags  or  labels,  imported  by 
the  Missouri  Botanical  Gardens,  to  be  used  in  designating  the 
names  of  various  plants.     The  merchandise  was  assessed  for  duty 
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at  60  cents  a  pound  and  25  per  cent,  ad  valorem,  under  the  pro- 
vision of  Paragraph  21,  Act  of  October,  1890,  for  finished  articles 
made  of  collodion. 

Appellants  claim  that  the  goods  should  be  free  of  duty,  under 
the  provisions  of  Paragraph  677,  as  **  the  said  labels  are  the 
property  of,  and  were  consigned  to  and  for  the  use  of  the  Missouri 
Botanical  Gardens,  an  institution  authorized  by  an  Act  of  the 
Legislature  of  the  State  of  Missouri  for  scientific  and  educational 
purposes.'* 

Paragraph  677  provides  for  philosophical  and  scientific  appara- 
tus, instruments,  and  preparations,  and  statuary,  casts,  paintings, 
drawings,  and  etchings,  thus  embracing  but  few  of  the  many 
things  used  by  an  educational  institution.  This  list  does  not 
include  celluloid  tags  and,  like  hoes,  watering  pots,  and  many 
other  implements  used  in  a  botanical  garden,  there  is  no  provision 
of  law  to  exempt  them  from  duty. 

The  decision  of  the  collector  is  therefore  afi&rmed. 

(11050— G.  A.  493) 
Philosophical  and  Scientific  Apparatus — Cottoyi  Cloth  not  Free  As, 

Before  the  U.  S.  General  Appraisers  at  New  York,  April  15,  1891. 

In  the  matter  of  the  protest,  6223  a,  of  the 
Roosevelt  Hospital,  Jas.  R.  Lathrop,  superin- 
tendent, against  the  decision  of  the  collector  of 
customs  at  New  York  as  to  the  rate  and  amount 
of  duties  chargeable  on  certain  so-called  cambric 
flannel,  imported  per  Slavonia,  December  26, 
1890. — opinion  by  Lunt^  General  Appraiser, 

The  merchandise  is  invoiced  as  ' '  2  bale  cambric,  containing  50 
pieces,  40  meters  each,  48  inches  wide.  * '  The  appraiser  returned 
the  same  as  bleached  cotton  cloth  not  less  than  50,  and  not  exceed- 
ing 100  threads  to  the  square  inch,  valued  at  over  9  cents  per 
square  yard,  which  return  we  find  to  be  correct.  Duty  was  levied 
thereon  by  the  collector  at  35  per  cent,  ad  valorem,  under  Para- 
graph 345 »  N.  T. 

We  also  find  that  the  importation  is  made  by  the  Roosevelt 
Hospital,  a  charitable  institution  incorporated  under  the  laws  of 
New  York  for  the  relief  of  the  sick,  etc.,  treating  them  gratui- 
tously if  they  are  unable  to  pay.      We  also  find  that,  since  the 
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establishment  of  the  hospital,  medical  students  have  been  per- 
mitted to  witness  surgical  operations  there  performed  upon  the 
patients,  and  that  regular  clinics  are  now  held  for  students  from 
the  medical  school  of  Columbia  College.  No  distinct  provision  is 
made  in  the  Act  of  Incorporation  of  this  hospital  for  the  medical 
instruction  of  such  students. 

It  is  claimed  that  the  facts  bring  this  hospital  within  the  scope 
of  the  provisions  of  Paragraph  677,  N.  T.,  as  a  **  society  or  insti- 
tution incorporated  or  established  for  religious,  philosophical, 
educational,  scientific,  or  literary  purposes,"  and  that  under  said 
paragraph  * 'philosophical  and  scientific  apparatus,  instruments,  and 

preparations specially  imported  in  good  faith,  for  its  use 

and  not  intended  for  sale,  may  be  admitted  free  of  duty;  that  this 
cotton  cloth  is  a  preparation  which  such  an  institution  is  entitled 
to  import  free  ;  that  it  is  to  be  torn  into  strips  and  used  in  the 
hospital  for  bandages." 

Without  undertaking  to  determine  whether  the  Roosevelt  Hos- 
pital is  a  society  or  institution  incorporated  or  established  for  the 
purposes  mentioned  in  Paragraph  677,  a  fair  interpretation  of  the 
words  * '  Philosophical  and  scientific  apparatus,  instruments  and 
preparations,"  as  contained  in  said  paragraph,  would  exclude 
bleached  cotton  cloth  from  the  category  of  philosophical  and  sci- 
entific preparations  specified  therein.  The  fact  that  the  cloth  is 
intended  to  be  torn  into  strips  and  used  for  bandages  does  not 
change  its  character  or  commercial  designation.  It  is  simply  cot- 
ton cloth  suitable  for  many  every-day  uses,  and  not  a  philosophi- 
cal or  scientific  preparation.  We  hold  that  the  same  was  correctly 
classed  as  subject  to  duty  at  35  per  cent,  ad  valorem. 

The  protest  is  overruled  and  the  action  of  the  collector  aflSrmed. 

(14261) 

Absolute  Alcohol  Imported  for  Colleges, 

Treasury  Department,  August  2,  1893. 

Sir  :  The  Department  is  in  receipt  of  a  letter,  dated  the  19th 
ultimo,  from  the  United  States  attorney  for  the  southern  district 
of  New  York,  in  which  he  reports  the  trial,  on  the  i8th  ultimo, 
in  the  United  States  Circuit  Court  in  his  district,  of  a  suit  arising 
on  the  application  of  the  collector  of  customs  at  New  York,  for  a 
review  of  the  decision  of  the  Board  of  General  Appraisers,  as  to 
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the  rate  and  amount  of  duty  on  certain  absolute  alcohol  imported 
by  Messrs.  Richard  King,  and  Co.,  per  Russia,  August  3,  1891, 
suit  No.  867. 

It  appears  that  the  alcohol  in  question  was  classified  by  the  col- 
lector as  alcohol  testing  198  degrees,  at  the  rate  of  $2.50  per 
proof  gallon,  under  the  provisions  of  Paragraphs  329  and  333  of 
the  Act  of  October  i,  1890,  the  importers  claiming  that  the  same 
was  free  of  duty,  under  the  provisions  of  Paragraph  677  of  said 
Act  which  is  as  follows  ; 

"  Philosophical  and  scientific  apparatus,  instruments,  and  prepa- 
rations . ...  specially  imported  in  good  faith,  for  the  use  of  any 
society  or  institution  incorporated  or  established  for  religious, 
philosophical,  educational,  scientific,  or  literary  purposes,  or  for 
encouragement  of  the  fine  arts,  and  not  intended  for  sale.'* 

The  importers  claim  that  the  article  was  absolute  alcohol,  and 
as  such  was  a  scientific  preparation  within  the  meaning  of  the 
above  provision  of  law,  and  furthermore,  that  alcohol  of  this  test 
is  a  scientific  preparation  not  manufactured  for  any  other  pur- 
pose than  scientific  research  work.  The  case  went  to  the  Board 
of  General  Appraisers,  where  the  decision  of  the  collector  was 
reversed,  whereupon  the  government  appealed  the  case  to  the 
Court,  where  the  decision  of  the  Board  was  affirmed,  no  opinion 
being  delivered. 

The  District  Attorney,  in  reporting  upon  the  case,  states  that 
the  testimony  produced  was  to  the  effect  that  this  absolute  alco- 
hol was  used  largely  in  laboratories  and  that  the  importers  never 
sold  it  to  manufacturers  or  wholesale  druggists,  and  never  to  col- 
leges except  for  scientific  preparations  and  that  if  was  also  proved 
that  the  oaths  of  the  officers  of  the  institutions  for  which  this 
alcohol  was  imported  were  made  in  accordance  with  the  instruc- 
tions of  this  department  of  June  8,  1889  (synopsis  9424),  the  alco- 
hol having  been  ordered  specially  for  these  institutions  before  its 
importation. 

The  District  Attorney  further  states  that  inasmuch  as  the 
importers  complied  with  all  the  requirements  of  the  Department 
in  relation  to  the  proof  for  which  these  importations  were  made, 
the  amount  of  commission  charged  by  the  importer,  which  was  an 
element  of  the  prosecution  in  this  case,  did  not  in  reality  constitute 
a  sale  of  the  merchandise  in  controvention  of  said  Paragraph  677. 
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Upon  submitting  the  matter  to  the  Attorney-General,  under 
the  provisions  of  Section  15,  of  the  Act  of  June  10,  1890,  that 
officer  advises  this  Department,  under  date  of  the  26th  ultimo, 
that  for  the  reason  stated  by  the  District  Attorney  no  appeal  will 
be  directed  by  his  Department  from  the  judgment  of  the  Circuit 
Court. 

In  view  of  the  above  you  are  hereby  authorized  to  take  meas- 
ures looking  to  the  payment  of  this  judgment,  and  you  will  apply 
these  instructions  to  all  similar  cases  pending  at  your  port  where 
the  parties  have  duly  protected  their  rights  in  the  manner  pro- 
vided by  law. 

Department's  instructions  of  November  10,  1890  (s3mopsis 
10359)  are  modified  accordingly.  In  applying  this  decision  it 
will  be  understood  that  all  alcohol  imported  for  scientific  use  is 
not  necessarily  free  of  duty,  but  only  such  as  is  of  the  character 
and  test  as  that  in  question  and  none  as  **  absolute  alcohol," 
regarding  which  oaths  are  filed  in  accord^ce  with  the  Depart- 
ment's circular  above  referred  to. 

Respectfully  yours, 

W.  E.  Curtis, 
(57 18  f . )  Acting  Secretary. 

Collector  of  Custoics,  New  York. 

(14381 — G.  A.  2265) 
Absolute  Alcohol — Free  as  a  Scientific  Preparation, 

Before  the  U.  S.  General  Appraisers  at  New  York,  August  23,  1893. 

In  the  matter  of  the  protest,  19706  ^-8546,  of 
E.  H.  'Bailey  and  Co.,  against  the  decision  of 
the  collector  of  customs  at  Philadelphia,  as  to 
the  rate  and  amount  of  duties  chargeable  on 
certain  absolute  alcohol,  imported  per  Procida, 
March  8,  1893. — Opinion  by  SomerviUe,  General 
Appraiser, 

We  find  the  merchandise  to  be  **  absolute  alcohol,"  substan- 
tially identical  in  kind  with  the  preparation  covered  by  our  deci- 
sion G.  A.  1368,  in  re.  Richard  Kny  and  Co.,  et  cd. 

The  article  was  assessed  for  duty  under  Paragraph  329  of  the 
new  Tariff  Act  as  distilled  spirits  and  is  claimed  to  be  free  of  duty 
under  Paragraph  677,  as  a  **  scientific  preparation  "  imported  in 


(39) 

good  faith,  for  the  use  of  a  college  established  for  educational » 
scientific,  or  literary  purposes. 

We  find  that  the  merchandise  was  imported  not  for  sale,  but  in 
good  faith  for  the  use  of  the  University  of  Pennsylvania,  which  is 
an  institution  established  for  educational  and  scientific  purposes, 
and  further,  that  it  is  a  scientific  preparation  within  the  meaning 
of  said  Paragraph  677,  as  defined  in  said  Board  decision  G.  A. 
1368,  which  was  afiirmed  on  appeal  by  the  United  States  Circuit 
Court  for  the  southern  district  of  New  York  (without  opinion), 
on  June  18,  1893,  per  Lacombe,  J,  and  has  since  been  fully 
acquiesced  in  by  the  Treasury  Department. 

The  protest  is  sustained,  the  collector's  decision  reversed,  and 
he  is  instructed  to  reliquidate  the  entry  accordingly. 

(21361) 

Philosophical  Instruments. 

Arithmometers  not  philosophical  instruments  within  the  mean- 
ing of  Paragraph  638,  Act  of  July  24,  1897,  and  the  decision  of 
the  United  States  Supreme  Court  in  Robertson  vs.  Oelschlaeger 
(S.  10603),  whether  imported  for  industrial,  mechanical,  or  edu- 
cational purposes. 

Treasury  Department,  July  7,  1899. 

Sir  :  Referring  to  your  letter  of  the  22nd  ultimo,  reporting  in 
regard  to  the  classification  of  arithmometers  imported  at  your 
port,  I  transmit  herewith  a  copy  of  a  letter  addressed  to  the  Felt 
and  Tarrant  Manufacturing  Co.,  of  Chicago,  in  which  it  is  held 
that  such  articles  are  subject  to  duty  at  the  rate  of  45  per  cent. 
ad  valorem,  under  the  provisions  of  Paragraph  193,  of  the  Act  of 
July  4,  1897. 

It  appears  from  the  report  of  the  appraiser  at  your  port  that 
such  articles  are  returned  as  dutiable  at  45  per  cent,  ad  valorem,^ 
except  when  entered  for  colleges  or  educational  purposes,  in  which 
case  they  have  been  admitted  to  free  entry  as  philosophical  instru- 
ments under  the  provisions  of  Paragraph  638,  of  the  Act  of  July 
24,  1897. 

In  the  decision  of  the  United  States  Supreme  Court,  in  the  case 
of  Robertson  vs,  Oelschlaeger,  January  16,  1891  (S.  10603),  i^is 
held  that  ' '  philosophical  apparatus  and  instruments  are  such  as 
are  more  commonly  used  for  the  purpose  of  making  observations 
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and  discoveries  in  nature,  and  experiments  for  developing  and 
exhibiting  natural  forces,  and  the  conditions  under  which  they 
can  be  called  into  activity,  whilst  instruments  for  mechanical  or 
professional  use  in  the  arts  are  such  as  are  more  usually  employed 
in  the  trades  and  professions  for  performing  the  operations  inci- 
dental thereto.*' 

No  distinction  can  be  made  in  the  classification  of  such  articles 
when  imported  for  industrial  uses,  or  for  educational  purposes, 
as  the  same  are  instruments  of  an  industrial  or  mechanical  nature, 
and  not  philosophical  instruments  within  the  above  definition. 
You  will  be  governed  accordingly. 

Respectfully  yours, 
O.  L.  Spaulding, 
(4630  i.)  Assistant  Secretary. 

COLLBCTOR  OP  CUSTOMS,  NEW  YORK,  N.  Y. 

(21770) 

Philosophical  Instruments  and  Preparations, 

Under  the  provisions  of  Paragraph  638,  Act  of  1897,  ^°<^  ^^ 
decision  of  the  United  States  Supreme  Court  in  the  Oelschla^^ 
case  (T.  D.  10603)  only  such  instruments  can  be  admitted  to  free 
entry  as  philosophical  instruments  '  *  as  are  used  for  the  purpose 
of  making  observations  and  discoveries  in  nature  and  developing 
and  exhibiting  natural  forces  and  the  conditions  into  which  they 
can  be  called  into  activity,*'  and  the  **  preparations,"  referred  to 
in  said  paragraph  must  be  scientific  or  philosophical  in  their 
nature,  and  can  only  be  admitted  to  free  entry  when  used  wholly 
in  conducting  philosophical  or  scientific  researches.  Surgical 
instruments  and  medicinal  preparations  are  excluded  from  free 
entry  under  the  above  ruling. 

Treasury  Department,  November  16,  1899. 

Sir  :  The  Department  is  in  receipt  of  your  letter  of  the  nth 
instant,  in  regard  to  your  action  in  admitting  to  entrj'',  free  of 
duty,  under  the  provisions  of  Paragraph  638,  of  the  Act  of  July 
24,  1897,  ^  certain  gas  or  ether  inhaler,  imported  for  the  Chicago 
Clinical  School  of  Medicine.  You  refer  to  a  letter  of  this  Depart- 
ment of  the  5th  instant,  addressed  to  the  auditor  of  the  Treasury 
Department,  a  copy  of  which  has  been  furnished  you,  in  which 
it  is  stated,  that  under  the  decision  of  the  United  States  Supreme 
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Court,  in  the  case  of  Robertson,  Collector,  vs.  Oelschlager  (T.  D. 
10603),  and  the  Department's  ruling  of  July  7,  1899  (T.  D. 
21361),  the  instrument  in  question  is  not  classifiable  as  a  philo- 
sophical instrument  and  that  the  entry  should  be  reliquidated  and 
a  call  made  upon  the  importers  for  duties  on  the  article  in  ques- 
tion. 

Paragraph  638  of  the  Act  of  1897  provides  as  follows  : 

Philosophical  and  scientific  apparatus,  utensils,  instruments, 
and  preparations,  including  bottles  and  boxes  containing  the 
same,  specially  imported  in  good  faith,  for  the  use  and  by  order 
of  any  society  or  institution  incorporated  or  established  solely  for 
religious,  philosophical,  educational,  scientific,  or  literary  pur- 
poses, or  for  the  encouragement  of  the  fine  arts,  or  for  the  use  or 
by  order  of  any  college,  academy,  school,  or  seminary  of  learning 
in  the  United  States,  or  any  state  or  public  library,  and  not  for 
sale,  subject  to  such  regulations  as  the  Secretary  of  the  Treasury 
shall  prescribe. 

And  it  is  held  that  the  words  ' '  philosophical  and  scientific  ' ' 
qualifies  the  succeeding  words,  **utensils,  instruments,  and  prepa- 
rations "  (T.  D.  1 1050.). 

The  Supreme  Court  in  the  above  decision  uses  the  following 
language : 

Philosophical  apparatus  and  instruments  are  such  as  are  more 
commonly  used  for  the  purpose  of  making  observations  and  dis- 
coveries in  nature,  and  experiments  for  developing  and  exhibiting 
natural  forces,  and  the  conditions  under  which  they  can  be  called 
into  activity,  whilst  implements  for  mechanical  or  professional  use 
in  the  arts  are  such  as  are  more  usually  employed  in  the  trades' 
and  professions  for  performing  the  operations  incidental  thereto. 

Without  receding  from  the  position  taken  by  the  Department 
in  the  matter,  that  the  inhaler  in  question  is  not  a  philosophical 
instrument,  I  have  to  state  that  in  view  of  the  fact  that  there  is 
some  ground  for  such  classification,  as  the  instrument  is  a  new 
invention,  in  a  measure  intended  for  experimental  purposes  in  the 
treatment  of  tubercular  cases,  and  differs  materially  from  the  ordi- 
nary gas  and  ether  inhalers  used  generally  by  physicians,  sur- 
geons, and  dentists,  for  the  purpose  of  administering  gas  and 
ether  to  patients,  thus  showing  a  use  * '  in  making  observations 
and  discoveries  in  nature,"   and  in  view  of  the  Department's 
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rulings  of  April  12,  1879  (T.  D.  3972),  and  May  27,  1896 
(T.  D.  17 142)  no  proceedings  need  be  taken  in  this  case  looking 
to  a  collection  of  the  duties  on  this  instrument  in  question  ;  but 
duties  should  be  assessed  on  future  importations  of  this  kind, 
leaving  the  importers  to  their  remedy  by  protest  under  the  pro- 
visions of  Section  14,  of  the  Act  of  June  10,  1890,  when  the  ques- 
tion can  be  definitely  settled  by  the  Board  of  General  Appraisers 
and  the  Courts.  The  reference  in  your  memorandum  to  the 
Department's  decision  of  September  5,  1889  (T.  D.  9610)  wherein 
it  is  held  that  certain  surgical  instruments  and  apparatus  are  free 
of  duty  as  philosophical  instruments,  is  not  applicable  to  this  case, 
as  the  decision  of  the  United  States  Supreme  Court,  which  defines 
the  term  ' '  philosophical  and  scientific  apparatus  '  *  was  rendered 
subsequently  thereto. 

It  is  observed  that  you  have  also  admitted  to  free  entry  as 
philosophical  instruments,  preparations,  etc. ,  such  articles  as  anti- 
toxine,  a  low  priced  microscope,  a  gas  arm,  chemical  scales 
'*influenze"  machine,  and  chemical  thermometers,  chloroform, 
alum,  cobalt,  lithium,  magnesium,  zinc,  sulphur,  caustic  potash, 
acid  acetate  (sic),  ether,  alcohol,  carbonic  acid,  etc.  Under  the 
above  definition  none  of  these  articles  would  appear  to  be  entitled  to 
free  entry  as  philosophical  or  scientific  apparatus,  instruments,  or 
preparations,  unless  the  alcohol  is  found  to  consist  of  absolute 
alcohol  (T.  D.  1426 1  and  14381)  and  the  microscope  is  found  to 
belong  to  the  class  of  * '  large  compound  microscope  . .  -  •  used  for 
examining  minute  objects  invisible  to  the  naked  eye**  (T.  D. 
10603).  The  fact  that  the  chemical  preparations  mentioned  may 
•be  used  for  philosophical  and  scientific  investigations  will  not 
operate  to  allow  their  admission  under  the  provisions  of  Para- 
graph 638,  unless  they  are  actually  imported  for  use  in  conducting 
scientific  investigations,  and  not  for  use  as  medicinal  or  surgical 
preparations  in  the  treatment  of  hospital  patients. 

You  will  be  governed  accordingly  and  assess  duty  on  future 
importations  of  this  nature  made  at  your  port. 

Respectfully, 

O.  L.  Spaulding, 
(6882  i.)  Assistant  Secretary, 

Collector  op  Customs,  Chicaoo,  III. 

In  Treasury  Decisions,  Vol.  3,  No.  25,  of  June  21,  1900,  there 
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is  published  a  compilation  of  paragraphs  of  the  Act  of  July  24, 
1897,  articles  of  the  customs  regulations  and  rulings  of  the 
Treasury  Department  and  the  courts  relating  to  the  free  impor- 
tation of  articles  for  institutions.  It  should  be  noted  that  rulings 
and  decisions  against  merchants  are  made  to  apply  to  institutions. 
Officers  of  institutions  who  have  had  difficulties  in  securing  the 
benefit  of  the  act  are  requested  to  communicate  with  Professor  J. 
H.  Long,  2421  Dearborn  St.,  Chicago,  Illinois. 

Respectfully  submitted, 

Charles  E.  Munrok, 

Chairman. 

SECOND  ANNUAL  REPORT  OF  THE  INTERNATIONAL  COMMITTEE 

ON  ATOMIC  WEIGHTS. 

To  the  American  Chemical  Society  : 

Your  committee  upon  international  action  with  reference  to 
standard  atomic  weights,  has  the  honor  to  submit  the  fol- 
lowing report.  Since  our  report  of  a  year  ago,^  various  other 
societies  have  taken  part  in  the  discussion  ;  and  in  the  coordina- 
tion of  their  work,  the  German  Chemical  Society  has  rendered 
important  service.  Partly  through  the  initiative  of  the  latter 
organization,  and  partly  through  the  agency  of  our  own  Society, 
a  large  international  committee  has  been  formed,  and  some  of  its 
deliberations  are  already  before  the  chemical  world  for  considera- 
tion. 

On  March  30,  1899,  the  special  committee  of  the  German  Chem- 
ical Society,  Professors  Landolt,  Ostwald,  and  Seubert,  issued  an 
invitation  to  other  organizations  having  an  interest  in  chemistry 
to  appoint  delegates  to  the  international  body.  At  the  December 
meeting  of  1898,  the  American  Chemical  Society  had  already 
taken  action,  and  your  present  committee  was  appointed.  The 
American  Academy  of  Arts  and  Sciences  also  designated  repre- 
sentatives, and  important  societies  in  Germany,  Austria  Hungary, 
Belgium,  England,  Switzerland,  Italy,  Japan,  Holland,  Russia, 
and  Sweden  also  accepted  the  invitation.  A  body  of  57  repre- 
sentative chemists  was  thus  formed ;  but  France,  Norway  and 
Denmark  do  not  appear  in  the  list.  We  are  informed,  however, 
that  the  Chemical  Society  of  Paris  has  recently  appointed  dele- 

I  This  Journal,  aj,  70. 
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gates,  and  their  names  will  doubtless  appear  in  the  next  report 
of  the  International  Committee.  Another  committee  of  three 
was  also  named  by  the  Fourth  International  Congress  of  Applied 
Chemistry,  which  met  in  Paris  during  the  last  week  of  July,  1900. 
In  October,  1899,  the  committee  of  the  German  Chemical 
Society  sent  to  each  of  the  international  delegates  a  circular  letter 
proposing  three  questions.     These  questions  were  as  follows : 

1.  Shall  0=  16  be  fixed  as  the  future  standard  for  the  calcula- 
tion of  atomic  weights  ? 

2.  Shall  the  atomic  weights  be  given  with  so  many  decimals 
that  the  last  figure  is  certain  within  half  a  unit,  or  what  other 
procedure  shall  be  adopted  ? 

3.  Is  it  desirable  that  a  smaller  committee  should  be  formed, 
which  should  undertake  the  continual  revision  of  the  yearly 
atomic  weight  table  and  its  publication  ?  In  case  of  agreement 
upon  this  point  it  is  proposed  that  each  association  shall  name  a 
single  delegate  to  the  smaller  committee. 

To  these  questions  forty-nine  replies  were  received.  As  regards 
the  first  question,  forty  chemists  favored  the  oxygen  standard, 
seven  preferred  to  retain  the  hydrogen  unit,  and  tw^o  were  willing 
to  accept  either  or  both  standards.  The  replies  are  published  in 
fuU,^  some  writers  giving  only  categorical  answers,  and  others 
citing  arguments  in  behalf  of  the  position  which  they  favored. 
The  majority  for  the  oxygen  standard  was  overwhelming  ;  but, 
as  we  shall  see  later,  it  has  not  yet  been  universally  accepted  as  a 
final  decision.  At  the  Congress  of  Applied  Chemistr>%  in  the 
section  devoted  to  analytical  chemistry,  the  question  was  dis- 
cussed, and  in  this  case  the  decision  of  the  International  Com- 
mittee was  sustained.  As  only  two  members  of  the  latter  com- 
mittee were  present  at  this  discussion,  representing  opposite 
sides,  the  action  of  the  congress  is  to  be  regarded  as  a  ratification 
of  the  decision,  and  not  as  a  mere  duplication  of  votes  by  the 
same  men.  An  attempt  was  made  to  secure  an  actual  meeting  of 
the  International  Committee  at  the  congress,  but  it  did  not  suc- 
ceed.    Too  few  of  its  members  were  in  attendance. 

The  second  and  third  questions  of  the  German  Committee  were 
also  answered  affirmatively,  by  a  large  majority  in  one  case,  and 
unanimously  in  the  other.     Balloting  for  the  smaller  committee 

1  Ber.  d.  chem.  Ges^  33,  1853  (1900). 
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has  already  taken  place,  and  the  result  will  probably  be  known 
before  this  report  is  presented.  As  to  the  second  question,  the 
replies  and  printed  criticisms  seem  to  indicate  some  misunder- 
standing as  to  its  real  significance ;  and  for  this  reason  it  ought 
to  receive  further  and  more  careful  consideration.  In  the  opinion 
of  your  committee  atomic  weights  should  be  printed  with  so 
many  decimals  as  have  any  real  significance,  even  though,  in  the 
calculation  of  ordinary  analyses,  rounded-off  values  may  be 
employed. 

In  spite  of  the  great  majority  given  in  the  International  Com- 
mittee in  favor  of  O  =  i6  as  the  standard  for  atomic  weights,  a 
vigorous  protest  against  the  decision  has  been  made.  In  the 
original  balloting,  the  seven  dissentients  were  one  American  and 
six  German  chemists,  the  latter  being  delegates  from  the  Verein 
Deutscher  Chemiker.  These  six  chemists,  Bredt,  Erdmann,  F. 
Fischer,  Volhard,  Winkler,  and  Wislicenus,  issued  a  new  circular 
letter,*  addressed  to  the  teachers  of  chemistry  in  the  German  uni- 
versities and  technical  schools,  asking  for  a  further  and  fuller 
expression  of  opinion.  At  the  date  of  writing,  the  result  of  this 
canvass  has  not  been  published  ;  but  Professor  Erdmann,  in  a 
letter  dated  November  23,  1900,  informs  us  that  143  replies  have 
been  received,  of  which  118  favor  the  retention  of  the  older  stan- 
dard, H  =  I.  In  the  new  edition  of  Erdmann' s  **  Lehrbuch  der 
anorganischen  Chemie,*'  this  standard  is  adopted  throughout, 
and  other  voices  have  also  been  raised  in  protest  against  O  =  16. 
A  pamphlet  by  Lassar-Cohn'  furnishes  a  case  in  point,  and  another 
paper  by  Dr.  A.  R.  L.  Dohme'  is  noticeable  as  foreshadowing  the 
probable  action  of  the  committee  for  the  decennial  revision  of  the 
United  States  Pharmacopoeia.  In  this  important  work  the  hydro- 
gen scale  is  likely  to  be  adopted. 

From  what  has  been  said  so  far,  it  is  evident  that  chemical 
opinion  is  still  divided  on  the  question  of  the  basis  for  atomic 
weights,  and  that  the  desired  unity  of  action  has  not  been  reached. 
Neither  standard  can  be  forced  into  general  acceptance  and  fur- 
ther discussion  is  unavoidable.  Even  your  own  committee  is 
divided  upon  the  subject,  and  therefore  asks  from  the  members 

1  See  Ztschr.  angew.  Chem.^  July  24,  1900 ;  Chem,  News,  August  10,  1900. 

*  '*  Ueber  der  Ungeeignete  der  Newendings  fiir  die  Berechnung  der  Atomgewichte  vor- 
geachlagenen  Grundzahl  16.000.**    Hamburg  (Voss),  1900. 

*  Druggist's  Circular  and  Chemical  Gaxette^  September,  1900. 
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of  the  American  Chemical  Society,  an  expression  of  their  prefer- 
ences. In  order  to  facilitate  such  an  expression  we  submit  the 
following  summary  of  arguments  which  have  been  used  for  and 
against  each  standard.  These  may  be  classified  as  historical, 
theoretical,  and  arguments  from  convenience,^  even  though  the 
three  categories  are  not  absolutely  separable. 

Historically,  it  is  urged,  the  hydrogen  unit  has  the  advantage 
of  being  the  original  Daltonian  standard;  and  except  temporarily , 
during  the  Berzelian  period,  it  has  been  almost  universally  recog- 
nized. Berzelius  made  oxygen  the  standard,  and  based  his  scale 
upon  O  =  loo  ;  but  oxygen  as  i6,  considered  as  a  basis  for 
atomic  weights,  is  a  recent  innovation.  It  is  true  that  the  atomic 
weight  of  oxygen,  referred  to  hydrogen  as  unity,  was  long 
thought  to  be  1 6,  but  this  belief  is  now  known  to  be  an  error. 
To  the  believer  in  precedent  and  priority  the  adoption  of  the  oxy- 
gen standard  would  seem  to  be  the  perpetuation  of  an  error,  as 
well  as  a  break  in  the  historical  continuity  of  science. 

To  the  advocates  of  oxygen  as  a  basis  for  atomic  weights  the 
foregoing  argument  appears  to  be  irrelevant  and  fallacious.  They 
claim  that  hydrogen  has  only  been  a  nominal  unit,  since  actual 
determinations  of  atomic  weight  are  commonly  referred  to  hydro- 
gen through  the  medium  of  oxygen,  the  latter  being  the  experi- 
mental standard  of  reference.  To  retain  the  hydrogen  scale 
means  to  take  the  ratio  H  :  O  as  a  fundamental  base  line  ;  and 
every  change  in  that  implies  changes  throughout  the  entire  table. 
Historically,  at  least  as  viewed  from  the  experimental  side  of  the 
question,  hydrogen  has  been  only  the  theoretical  standard ;  oxy- 
gen, taken  as  i6,  has  been  the  real  basis  for  calculation.  The 
ordinary,  familiar  atomic  weights  are  all  in  harmony  with  the 
oxygen  basis,  and,  with  other  constants  which  rest  upon  the  same 
foundation,  they  permeate  all  chemical  literature.  The  retention 
of  the  hydrogen  unit  implies  confusion  in  the  interpretation  of  a 
great  mass  of  recorded  data  ;  and  apparent  historical  conserva- 
tism really  involves  wide-spread  and  radical  change.  After  all, 
the  historical  argument  tends  to  obscure  the  essential  issue,  the 
true  problem  being  the  establishment,  on  a  permanent  basis,  of 
the  best  possible  scale. 

1  For  an  elaborate  argument  in  favor  of  the  oxygen  standard,  lee  Richards :  A  m. 
/•>  34f  377 ;  >e«  &l80  Brauner:  Ztschr.  anorg.  Ckem..,  a6,  i86. 


(47) 

On  theoretical  grounds  it  is  claimed  that  the  hydrogen  unit  is 
the  most  natural  basis  for  atomic  weights,  partly  because  the 
hydrogen  atom  is  the  lightest  atom  known,  and  partly  because 
hydrogen  is  also  the  standard  for  gaseous  densities  and  for  valence. 
The  atomic  weight  scale  and  the  density  scale  rest  upon  the  same 
foundations ;  and  if  the  oxygen  standard  is  adopted,  then  all 
vapor-densities  must  be  changed  to  a  corresponding  degree. 
Furthermore,  unity,  or  some  number  logarithmically  equivalent 
to  unity,  such  as  lo  or  loo,  would  seem  to  b^  a  better  starting- 
point  for  calculations  than  some  other  quantity ,  arbitrarily  chosen, 
whose  selection  might  be  troublesome  to  explain.  An  approxi- 
mate tmity,  like  1.008,  is  meaningless,  and  the  value  16.000,  taken 
as  a  standard,  can  only  be  explained  by  reference  back  to  hydro* 
gen,  the  unit  from  which  it  was  originally  derived.  The  expla- 
nation, then,  is  somewhat  in  the  nature  of  an  apology,  and  con- 
cedes much  to  the  opposite  side. 

To  the  theoretical  arguments  the  advocates  of  the  oxygen  scale 
attach  little  importance,  regarding  the  question  as  one  of  prac- 
tice and  convenience  rather  than  as  one  of  theory.  They  point 
out,  however,  that  elements  lighter  than  hydrogen  may  yet  be 
discovered,  and  that  then  the  theoretical  considerations  would  be 
radically  changed.  If  Front's  so-called  law  held  good,  a  valid 
reason  for  the  hydrogen  unit  would  exist ;  but  as  matters  stand 
now  that  unit  is  as  arbitrary  as  any  other,  and  rests  upon  no 
necessary  foundation  of  principle.  Which  standard,  then,  is  the 
more  convenient  for  general  use? 

The  answers  to  this  question  suggest  two  quite  distinct  points 
of  view  ;  that  of  the  teacher  on  the  one  hand,  that  of  the  labora- 
tory chemist  on  the  other.  The  teacher  argues  in  favor  of  the 
hydrogen  unit,  that  it  is  easily  intelligible  to  beginners,  whereas 
the  oxygen  standard  is  somewhat  difficult  to  explain.  The  diffi- 
culty, moreover,  becomes  greater  when  gaseous  densities  are  con- 
sidered, and  the  teacher  is  forced  to  decide  whether  he  shall 
adopt  a  dual  standard,  or  reject  the  hydrogen  basis 
altogether.  A  few  teachers  claim  that  these  difficulties  are  much 
overrated,  while  others  propose  to  evade  them,  either  by  giving 
to  the  beginner  round  numbers  which  are  confessedly  approximate, 
or  by  abandoning  hydrogen  as  a  standard  of  specific  gravity  and 
taking  oxygen  instead.     If  the  latter  policy  were  followed  it 
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might  lead  to  discordance  between  the  allied  sciences  of  chemistry 
and  physics,  for  the  physicist  prefers  hydrogen  as  a  standard 
because  it  is  not  only  the  lightest  of  all  substances,  but  also  the 
one  which  most  nearly  approaches  the  ideal  perfect  gas.  In  the 
hydrogen  thermometer  its  nearly  uniform  rate  of  expansion  is 
considered,  as  well  as  the  fact  that  at  low  temperatures  it  is  the 
last  gas  except  helium,  to  assume  the  liquid  state.  The  gradua- 
tion of  the  hydrogen  thermometer  is  the  ultimate  standard  of  ref- 
erence in  all  exact  thermometry,  whether  for  low  temperatures  or 
for  high.  This  question  of  harmony  between  different  branches 
of  science  is  one  which  needs  to  be  seriously  considered  ;  and  so 
far,  at  least  as  regards  our  choice  of  atomic  weights,  it  seems  not 
to  have  been  adequately  discussed. 

When  we  consider  the  use  of  atomic  weights  in  the  calcu- 
lation of  analyses,  the  oxygen  table  has  the  great  advantage  of 
familiarity  to  chemists,  and  perhaps  also  the  minor  advantage 
that  a  larger  proportion  of  the  values  are  nearly  integers.  The 
latter  consideration,  however,  is  of  little  importance,  for  many 
analysts'  use  tables  of  logarithms  or  of  factors  ;  but  to  the  chem- 
ist who  employs  atomic  weights  directly,  integral  numbers  are 
more  easily  remembered  than  figures  which  involve  one  or  two 
decimal  places.  In  commercial  work  the  ordinary  round  numbers 
are  likely  to  hold  their  own,  and  no  serious  inaccuracy  of  results 
is  to  be  feared  from  this  practice.  The  usual  errors  of  analysis 
far  outweigh  any  uncertainty  of  calculations  which  may  be  due  to 
neglect  of  decimals  in  the  commoner  atomic  weights.  There  are 
cases  to  which  this  argument  does  not  apply,  and  in  which 
a  greater  exactness  of  data  is  indispensable  ;*  but  these  are  few 
in  number  and  should  be  known  to  the  specialist  in  whose  prac- 
tice they  arise. 

The  unfamiliarity  of  the  hydrogen  scale  is  easily  illustrated  by 
the  following  table,  in  which  a  few  of  the  more  common  atomic 
weights,  as  given  under  both  standards,  are  compared  : 

1  See  "Fourth  Annual  Report  of  the  Committee  on  Atomic  Weights,"  Thisjouxnal, 
■9>  359t  May,  1897,  with  reference  to  the  commercial  assay  of  chrome  iron  ore. 
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H  =  I.  O  a  i6.  DifiPerence. 

Hydrogen i.ooo  1.008  0.008 

Oxygen 15.879  16.000  0.121 

Chlorine 35.18  35.45  0.270 

Potassium 38.82  39. 11  0.290 

Copper 63.10  63.60  0.500 

Bromine 79-34  79-95  0.610 

Silver 107.11  107.92  0.810 

Iodine 125.89  126.85  0.960 

Barium 136.40  137.40  i.ooo 

Mercury 198.50  200.00  1.500 

Lead 205.36  206.92  1.560 

The  difference  increases  with  increasing  atomic  weight,  and 
amounts  in  each  case  to  about  0.75  per  cent,  of  the  entire  value. 
With  small  atomic  weights  the  difference  appears  trifling;  in  the 
higher  parts  of  the  table  the  discordance  is  much  more  evident. 

Cle^arly  then,  the  adoption  of  the  modem  hydrogen  scale  would 
compel  chemists  to  drop  certain  old  values  and  to  learn  the  new. 
Whether  this  is  desirable  or  undesirable  is  for  chemists  to  decide. 
To  the  older  chemists,  who  first  learned  the  Daltonian  equiva- 
lents, and  then  discarded  them  for  the  atomic  weights  of  Canniz- 
zaro,  the  change  will  not  seem  difficult ;  to  the  younger  men  the 
anticipation  of  annoyance  is  likelj^  to  be  worse  than  the  reality. 
At  all  events,  the  inconvenience,  be  it  great  or  small,  is  evident, 
and  it  must  be  taken  into  account  in  arriving  at  the  final  conclu- 
sion. 

Your  committee  hope  that  the  members  of  the  American  Chem- 
ical Society  will  consider  the  questions  and  considerations  which 
are  presented  in  this  report,  and  express  their  views  upon  them. 
Which  system  of  atomic  weights  is  the  better,  not  merely  for 
temporary  purposes,  but  regarded  broadly,  with  a  view  to  the 
permanent  interests  of  science  ?  That  is  the  real  question  upon 
which  a  consensus  of  opinion  is  desired,  and  which  ought  to  be 
considered  from  all  points  of  view.  Replies  should  be  addressed 
to  the  chairman  of  this  committee,  F.  W.  Clarke,  U.  S.  Geolog- 
ical Survey,  Washington,  D.  C,  before  Jime  i,  1901. 

Respectfully  submitted, 

F.  W.  Clarke, 
J.  W.  Mallbt, 
Edward  W.  Morley, 
Theo.  W.  Richards, 
Edgar  F.  Smith. 
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REPORT  OP  THE  COMMITTEE  ON  PATENT  LEGISLATION. 

To  the  Council  of  the  American  Chemical  Society  : 

Gentlemen  :  Your  committee  begs  leave  to  report  that  the  fol- 
lowing bills  are  now  before  Congress  : 

S.  5026.  "  To  revise  the  laws  of  the  United  States  relating  to 
trade-marks." 

S.  5027.  **  To  regulate  and  protect  marks,  trade-marks,  com- 
mercial names,  and  symbols  used  in  commerce,  and  to  enforce 
treaties  regarding  the  same.'' 

S.  5028.  "Respecting  applicants  for  patents  not  residing  in 
the  United  States.'' 

S.  5029.  **  To  give  e£Eect  to  treaty  stipulations  relating  to  let- 
ters patent  for  inventions." 

S.  5030.  **  To  revise  the  patent  laws  of  the  United  States." 

S.  5026  was  prepared  by  Judjg^Sf|jj|^fJQaM^.  5027  by  Mr. 
Forbes  and  Judge  Grosscup^i^^Srtne  commiSmtk  appointed  by 
the  President  of  the  Unito^rRates  '' tourenuM^tneu  relating 
to  patents,  trade-marks,  a|^tra^)AMim%,  ^itn  lUftrence  to  ex- 
isting conventions  and  tre^e^ ' '  The  relati\M^^Rs  of  these  bills 
are  discussed  in  the  Scient^l^metiMU^kS^^  1 5 1 1900,  p.  371. 
It  is  generally  believed  that  th«WP^M^f  views  between  these 
bills  is  so  great  that  no  action  will  be  taken  upon  them  at  this  ses- 
sion. It  is  understood  that  the  authorities  of  the  patent  office 
favor  S.  5028  and  S.  5029,  but  doubt  the  propriety  of  S.  5030, 
which  extends  the  rights  of  foreign  inventors. 

Through  the  courtesy  of  Judge  Greeley,  your  committee  has 
been  favored  with  a  typewritten  copy  of  the  report  of  the  com- 
mission, which  will  probably  soon  be  printed  by  Congress,  and 
certain  literature,  relative  to  phases  of  the  law,  which  had  been 
submitted  to  the  commission.  Chemists  are  recommended, 
especially  to  read  that  part  of  the  report  following  the  legend 
**  Classes  of  Inventions  Excluded  from  Protection,"  as  the  com- 
mission was  urged  to  recommend  '  *  that  the  United  States  law 
should  be  amended  to  exclude  from  patent  protection  both  medi- 
cines and  chemical  products  generally,  at  least  so  far  as  such 
inventions  are  the  inventions  of  subjects  or  citizens  of  the  foreign 
countries  which  exclude  these  classes  of  invention  from  patent 
protection. ' '     Attention  is  also  called  to  the  *  *  Argument  of  E.  N. 
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Dickerson  before  the  Commission/'  and  to  the  pamphlet  entitled 
*'  Trade-marks,  Patents,  and  Pharmaceutical  Reforms,"  published 
for  gratuitous  distribution  by  the  Philadelphia  Medical  Pub- 
lishing Co.,  especially  to  that  part  of  the  latter  treating  of 
"Product  Patents  vs.  Process  Patents.*' 

We  add  the  following  letter  from  our  secretary,  to  whose  influ- 
ence and  on  whose  initiative  the  appointment  of  this  committee 
was  largely  due. 

Brooklyn,  N.  Y.,  December  24,  1900. 

Prof,  C.  E,  Munroe,  Columbian  University^  Washington,  D,  C. 

Dear  Sir  :  I  have  been  away  for  some  time  and  have  had  to 
neglect  the  Patent  Committee.  I  have  sent  your  letter  to  one  of 
our  most  efficient  members  and  have  been  in  communication  with 
some  of  the  others.  I  could  not  get  a  meeting,  but  they  all  agree 
so  far  in  recommending  rather  a  waiting  policy,  as  regards  intro- 
dudng  new  matter,,  f eating  ..that- some  injurious  action  might  be 
taken  in  Congri^s/if  the  matter  was  once  started. 

They  endorse,  however,  all  of  tliejin',  the  recommendations  of 
Grosscup  Committee,  ^as  they  have  bfeeti  reported  in  the  papers, 
and  also  the  International  Association,  which  met  at  Brussels 
lately,  and  recommend. the  members  of  the  Chemical  Society  to 
use  their  influence  in  promoting  a  passage  of  these  recommenda- 
tions. They  also  think  that  ^tne  standing  committee  should  be 
maintained  to  be  on  guard  against  injurious  legislation  if  the 
need  should  come  up. 

Yours  truly, 

C.  C.  Parsons. 

(Dictated.) 
Respectfully  submitted, 

Charles  E.  Munroe, 

Chaifynan. 

BOARD  OF  DIRECTORS. 

A  meeting  of  the  Board  of  Directors  of  the  American  Chemical 
Society  was  held  at  the  Chemists'  Club,  108  W.  55th  St.,  New 
York  City,  November  16,  1900.  The  meeting  was  called  to  order 
by  President  McMurtrie,  at  7.20  p.m.  There  were  present  Messrs. 
McMurtrie,  Hale,  Chandler,  Doremus,  Hallock,  and  Smith. 

It  was  voted  that  the  librarian  be  instructed  to  transmit  to  the 
Royal  Academy  of  Science,  in  Amsterdam,  an  acknowledgment 
of  the  receipt  of  their  proceedings,  and  also  a  full  set  of  the  Jour- 
nal and  Proceedings  of  the  American  Chemical  Society,  and  to 
continue  an  exchange  of  publications  with  them. 


(52) 

The  librarian  was  authorized  to  purchase  a  desk  for  his  use  at 
a  cx>st  not  to  exceed  $35. 

An  appropriation  of  $15  was  made  to  defray  the  expenses  of 
printing  a  circular  letter  to  be  used  by  the  Committee  on  Adver- 
tising. 

The  Board  then  adjourned. 

Albert  C.  Hale,  Secretary. 

COUNCIL. 

The  Council  of  the  American  Chemical  Society  met  in  the 
chemical  lecture  room  of  the  Lewis  Institute,  Chicago,  111.,  at 
1.45  P.M.,  Thursday,  December  27,  1900.  There  were  present 
Messrs.  McMurtrie,  Hale,  Hart,  Prescott,  Munroe,  Long,  Mc- 
Pherson,  Sabin,  W.  A.  Noyes,  Freer,  and  Springer. 

The  minutes  of  previous  meetings  were  adopted  as  recorded  by 
the  secretary.  It  was  voted  that  the  summer  meeting  be  held  in 
Denver,  Colo.,  August  26  and  27,  1901,  and  that  the  secretary  in- 
form the  secretary  of  the  American  Association  for  the  Advance- 
ment of  Science  of  this  action. 

Informal  communications  in  reference  to  future  meetings  were 
announced  by  the  secretary. 

The  secretary  presented  a  communication  from  C.  A.  Doremus, 
chairman  of  the  New  York  Section,  stating  that  the  executive 
committee  of  that  section  would  recommend  to  the  members  of 
the  Section  at  its  next  meeting  that  they  invite  the  Society  to  hold 
its  25th  anniversary  in  New  York  City.  The  Council  directed 
the  secretary  to  thank  Dr.  Doremus  for  the  communication,  and 
the  matter  was  referred  to  the  Committee  on  the  Twenty-Fifth 
Anniversary. 

It  was  voted  that  all  nominees  for  membership  up  to  the  close 
of  this  meeting  of  the  Society,  be  considered  as  acted  upon  by  the 
Council,  and  the  secretary  was  instructed  to  declare  them  elected 
whenever  all  the  other  requirements  of  the  constitution  in  regard 
to  them  as  nominees  should  have  been  met. 

The  following  persons  were  nominated  to  fill  the  respective 
positions  designated  as  ofEcers  and  members  of  the  standing 
committees  of  the  Society  for  the  year  1901  : 

Secretary — Albert  C.  Hale. 
Treasurer — A.  P.  Hallock. 
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Librarian — E.  G.  Love. 

Editor — Edward  Hart. 

Councilor — (In  place  of  P.  W.  Clarke,  president-elect),  W.  B. 
Rising. 

Directors — (To  serve  two  years,  beginning  January  i,  1901), 
C.  A.  Doremus,  C.  B.  Dudley. 

Committee  on  Membership — Wm.  McMurtrie,  M.  T.  Bogert,  C. 
L.  Reese.  • 

Finance  Committee — Elwjrn  Waller,  J.  H.  Wainwright,  D. 
Woodman. 

Committee  on  Papers  and  Publications — Edward  Hart,  W.  F. 
Hillebrand,  J.  H.  Long,  Wm.  McMurtrie,  A.  A.  Noyes,  W.  A. 
Noyes,  E.  F.  Smith,  H.  N.  Stokes,  H.  P.  Talbot,  H.  W.  Wiley. 

The  report  of  the  Committee  on  Estimates  was  presented  by  the 
secretary.  Action  upon  it  was  postponed  until  the  report  of  the 
Committee  on  Title  Index  should  be  presented.  Wm.  McMurtrie, 
chairman  of  the  Committee  on  Title  Index,  presented  a  report  for 
that  committee.  C.  E.  Munroe  moved  that  the  report  of  the 
Committee  on  Title  Index  be  accepted,  and  that  $1,000  be  appro- 
priated for  the  purpose  of  preparing  abstracts  of  chemical  litera- 
ture. Mr.  Freer  moved  as  a  substitute  that  the  sum  of  $600  a 
year  be  appropriated  for  the  preparation  of  reviews  of  chemical 
work  in  the  various  branches,  the  sum  to  be  expended  at  the 
direction  of  the  Committee  on  Papers  and  Publications.  The  vote 
on  Dr.  Freer 's  substitute  was  a  tie,  and  the  chairman  casting  his 
ballot  against  it,  it  was  lost.  Professor  Munroe* s  motion  was 
then  carried,  and  on  further  motion  by  Professor  Munroe  the 
matter  was  placed  in  the  hands  of  the  Committee  on  Papers  and 
Publications. 

It  was  voted  that  an  edition  of  2700  copies  of  the  Journal  be 
printed  for  the  months  of  January,  February,  and  March,  and 
2500  for  the  balance  of  the  year. 

The  following  named  sums  in  the  budget  were  voted  for  the 
objects  respectively  designated : 

$5,000  for  Journal  and  reprints, 
225  for  Directory, 
325  for  general  meetings, 
100  for  the  president's  office, 
1,300  for  the  secretary's  office, 
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400  for  the  treasurer's  office, 
310  for  the  editor's  office, 

50  for  exchange  list, 
400  for  completing  and  binding  sets  in  the  library, 
300  for  the  librarian's  office, 
100  for  clerical  help  for  the  librarian, 

30  for  the  Membership  Committee.^ 

It  was  voted  that  the  secretary  collect  thfe  membership  dues  as 
heretofore,  and  that  he* be  allowed  10  per  cent,  commission  on  all 
dues  collected  as  compensation  for  his  work.  It  was  voted  that 
the  secretary  distribute  at  his  discretion  the  amount  appropriated 
for  his  office. 

The  Directors  were  authorized  to  appropriate  for  any  special 
purpose  or  purposes,  as  may  be  necessary,  amounts  not  to  exceed 
in  the  aggregate  $300.  On  motion  of  Dr.  Munroe  it  was  voted 
that  the  Board  of  Directors  be  recommended  to  appropriate 
$1 1 ,590  to  be  apportioned  as  set  forth  in  the  successive  resolutions 
adopted  by  the  Council  at  this  session,  it  being  understood  that 
only  so  much  of  each  sum  dhall  be  expended  as  shall  be  neces- 
sary to  attain  the  desired  object. 

It  was  voted  that  F.  W.  Clarke  and  E.  E.  Ewell  be  delegated  to 
see  the  speaker  of  the  House  of  Representatives  and  others,  with 
regard  to  the  Standardizing  Bureau  Bill.  It  was  voted  that  we 
recommend  to   the  Directors  that  educational  institutions  be 

1  The  various  appropriations  in  the  budget  for  1901,  may  be  expressed  in  tabular  form 
as  follows : 

Journal  and  reprints |  5,000 

Abstracts x,ooo 

Collection  of  dues  (estimated) 900 

Local  sections  (estimated) 1,290 

General  meetings 335 

Directories ta$ 

President's  office 100 

Secretary's      "     1,300 

Treasurer's     "     400 

Librarian's     "     aoo 

Clerical  help  for  librarian xoo 

Completing  and  binding  sets  in  library 400 

Editor's  office 310 

Exchange  list 50 

Membership  Committee 30 

Special  appropriations  by  Directors  (if  necessary) 300 

Total 111,890 
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allowed  the  same  discount  on  sets  of  Journals  as  is  given  to  deal- 
ers. 

It  was  voted  that  a  complete  set  of  the  Journal  and  proceedings 
be  bound  and  sent  to  the  editor  to  keep  on  file  at  his  office. 

It  was  voted  that  the  secretary  complete  two  sets  of  the  lists  of 
membership  of  the  Society  from  the  beginning,  if  possible,  and 
that  they  be  bound  and  kept  in  two  distinct  places.  The  Coun- 
cil voted  to  recommend  to  the  Society  that  the  question  of  taking 
any  actioQ  on  the  metric  system  be  laid  upon  the  table. 

The  Committee  on  Standards  for  Instruments  of  Measure 
reported  progress  by  Dr.  Munroe.  Dr.  Munroe  reported  also  for 
the  Committee  on  Patents  and  Patent  Legislation.  The  report 
was  accepted  and  the  committee  continued. 

Dr.  Hart  reported  progress  for  the  Committee  on  Exchanges. 

Dr.  Munroe,  chairman,  presented  a  voluminous  report  for  the 
Committee  on  Duty-free  Importation.  It  was  voted  that  the 
report  be  published  in  full  in  the  Proceedings  of  the  Council,  and 
that  200  reprints  of  it  be  made  for  the  use  of  the  Committee. 

Dr.  McMurtrie,  chairman  of  the  Committee  on  Twenty-Fifth 
Anniversary,  reported  progress.  He  also  reported  progress  for 
the  Committee  on  Advertising. 

Consideration  of  the  matter  of  a  new  contract  for  printing  the 
Journal  was  postponed  to  an  adjourned  meeting  which  should  be 
held  immediately  after  the  president's  address. 

The  Council  then  adjourned  to  meet  immediately  after  the 
delivery  of  the  president's  address. 

ADJOURNED  BIKETING. 

• 

The  president  called  the  Council  to  order  at  9  p.m.,  in  the 
Banquet  Hall  of  the  Auditorium  Hotel.  Present,  Messrs.  Mc- 
Murtrie, Hale,  Sabin,  Prescott,  Springer,  Munroe,  W.  A.  Noyes, 
McPherson,  and  Long. 

Dr.  McMurtrie,  chairman  of  the  Committee  on  New  Contract 
for  Printing  the  Journal  presented  the  results  of  the  work  of  that 
Committee.  He  read  bids  and  specifications  on  publishing  the 
Journal  from  various  firms  and  companies,  and  exhibited  samples 
of  paper  submitted  with  the  bids. 

It  was  voted  that  the  Committee  on  Contract  is  hereby  autho- 
rized to  dose  the  contract  for  printing  the  Journal  on  behalf  of  the 
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Society,  and  that  it  is  the  opinion  of  the  Society  that  the  contract 
should  be  made  with  The  Chemical  Publishing  Co.,  provided  that 
the  Company  can  subscribe  to  the  specifications  of  the  Committee, 
and  that  the  paper  shall  be  of  a  character  and  quality  equal  to 
that  submitted  by  the  New  Era  Publishing  Company. 

It  was  voted  that  the  contract  for  printing  the  Journal  be 
signed  on  behalf  of  the  Society  by  the  president,  the  secretary, 
and  the  treasurer. 

It  was  voted  that  the  Council  recommend  to  the .  Board  of 

Directors  to  make  such  arrangements  as  to  rent  for  storage  as 

may  be  equitable. 

The  Council  then  adjourned. 

Ai^bertC.  Hale,  Secretary, 

NAMES   PROPOSED   FOR    MEMBERSHIP. 

Atkinson,  James  P.,  36  Washington  Square,  West,  New  York 
City. 

Axson,  Edward  W.,  Mannie,  Tenn. 

Bermingham,  John,  Jr.,  Pinole,  Contra  Costa  Co.,  Cal. 

Eldred,  Frank  R.,  Butte,  Mont. 

Gordin,  Harry  M.,  502  E.  3rd  St.,  Cincinnati,  Ohio. 

Rust,  Robert  R.,  Bound  Brook,  N.  J. 

Smith,  Theodore  E.,  221  W.  83rd  St.,  New  York  City. 

Twieg,  Wm.  C,  Pinole,  Contra  Costa  Co.,  Cal. 

CHANGES  OF  ADDRESS. 

Barrows,  W.  A.,  Jr.,  Shenango  Furnace  Co.,  Sharpsville,  Pa. 

Bernhard,  Adolph,  Stone  Creek,  Ohio. 

Boiling,  Randolph,  Crozer  Furnaces,  Roanoke,  Va. 

Brinker,  H.  L.,  322  North  Ave.,  Youngstown,  Ohio. 

Caldwell,  T.  O.,  Gilt  Edge,  Mont. 

Calvert,  J.  E.,  Etna,  Allegheny  Co.,  Pa. 

Campbell,  Archibald,  3140  Durrell  Ave.,  Walnut  Hills,  Cin- 
cinnati, O. 

Coggeshall,  G.  W.,  3  Chestnut  St.,  Dedham,  Mass. 

Hamlin,  Addison,  North  Blanchard,  Me. 

Hicks,  Edwin  F.,  361  W.  27th  St.,  New  York  City. 

Hough,  George  J.,  care  Mexican  Copper  Co.,  Ramos,  San  Luis 
Potosi,  Mexico. 

Maxwell,  Dr.  Walter,  care  Dept.  of  Ag^.,  Brisbane,  Queens- 
land, Australia. 

Norman,  Geo.  W.,  Gen.  Chem.  Co.,  Moro  Phillips  Works, 
Camden,  N.  J. 

Norton,  Hon.  Thomas  H.,  Consul  des  Etats-Unis,  Mezreh, 
Mamouret-ul-Aziz,  Turkey  in  Asia.  Open  mail  via  London  and 
Constantinople. 
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Peckham,  S.  F.,  Room  104,  280  Broadway,  New  York  City. 

Perkins,  T.  S.,  care  Cal.  Tartar  Wks.,  123  California  St.,  San 
Francisco,  Cal. 

Quinan,  K.  B.,  care  De  Beers  Explosive  Works,  Cape  Town, 
S.  Africa. 

Reese,  H.  J.,  Bozeman,  Mont. 

Smith,  Burnett,  211  Franklin,  Univ.  of  Pa.  Dormitories,  Phil- 
adelphia, Pa. 

Stillwell,  J.  S.,  156  Broadway,  New  York  City. 

Torrey,  Chas.  A.,  Jr.,  **SecuritySafe  Deposit  Vaults,"  Boston, 
Mass. 

Williams,  L.  S.,  6806  Wentworth  Ave.,  Chicago,  ID. 

MEETINGS  OF  THE  SECTIONS. 

PHILADELPHIA  SECTION. 

The  fifteenth  meeting  was  called  to  order  in  the  John  Harrison 
Laboratory,  University  of  Pennsylvania,  at  8.15  p.m.,  November 
15,  1900.     Thirty  members  and  visitors  were  present. 

Owing  to  the  absence  of  the  chairman  and  secretary.  Dr.  Henry 
LefiFmann  and  Mr.  W.  T.  Taggart  were  elected  to  fill  the  vacan- 
cies for  the  evening.  Dr.  Leflfmann,  in  behalf  of  the  Chemical  Sec- 
tion of  the  Franklin  Institute,  extended  an  invitation  to  the  Sec- 
tion to  a  meeting  which  will  take  place  Thursday  evening, 
November  22,  1900.  It  was  moved  and  seconded  that  the  invi- 
tation be  accepted.     Carried. 

Dr.  John  Marshall  was  nominated  to  succeed  himself  as  coun- 
cilor. 

It  was  moved  and  seconded  that  the  secretary  cast  one  ballot 
for  the  election  of  the  nominee.  The  ballot  was  cast  and  Dr. 
John  Marshall  was  declared  elected  councilor  for  the  ensuing  year. 

The  papers  of  the  evening  were  :  *'  The  Atomic  Weight  of  An- 
timony,** by  Dr.  Edgar  F.  Smith  ;  '*The  Electrolytic  Oxidation 
of  Pyroracemic  Acid,**  by  G.  W.  Rockwell — read  by  Dr.  Edgar 
F.  Smith  ;  *  *  Notes  on  the  Composition  of  Some  High  Class  Milks,  *  * 
by  Dr.  Henry  LefiFmann ;  '  *  Exhibition  of  Specimens  of  High  and 
l^ow  Explosives,  with  Remarks  Thereon,**  by  Dr.  Henry  LefiF- 
mann. 

Dr.  Edgar  F.  Smith  exhibited  specimens  of  artificial  silk  made 
from  the  pulp  of  spruce  wood,  and  also  a  substitute  for  celluloid, 
from  the  same  source. 

There  being  no  further  business  the  meeting  adjourned  at  9.30 

P.M.  p.  B.  DoDGB,  5flrrWa^. 
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MICHIGAN  SECTION. 

The  Michigan  Section  met  at  the  chemical  laboratory  of  the 
University  of  Michigan,  Friday,  February  8,  at  8  p.m.  The  paper 
of  the  evening  was  given  by  Professor  Freer,  on  **  Benzoylacetyl 
Hyperoxide. ' '  After  a  brief  address  by  the  retiring  presiding  offi- 
cer. Professor  Prescott,  officers  were  elected  for  the  following  year. 
Professor  Prescott  declined  a  renomination  and  Professor  Freer 
was  unanimously  elected  to  succeed  him. 

The  list  of  officers  is  as  follows  :  Presiding  Officer,  P.  C.  Freer, 
Ann  Arbor  ;  Secretary-Treasurer,  Alfred  H.  White,  Ann  Arbor; 
Councilor,  E.  D.  Campbell,  Ann  Arbor  ;  Executive  Committee, 
the  presiding  officer  and  secretary,  ex-ojfficio  ;  John  M.  Francis, 
Parke,  Davis  &  Co.,  Detroit ;  A.  F.  Shattuck,  The  Solvay  Pro- 
cess Co.,  Detroit ;  David  L.  DavoU,  Peninsular  Sugar  Co.,  Caro. 

Alfred  H.  Whitb,  Secretaty, 
WASHINGTON  SECTION. 

The  regular  meeting  was  held  on  January  lo,  1901.  The  fol- 
lowing officers  were  elected  for  the  ensuing  year  :  President,  V. 
K.  Chesnut ;  Vice-Presidents,  W.  F.  Hillebrand  and  F.  K.  Cam- 
eron ;  Secretary,  L.  S.  Munson  ;  Treasurer,  F.  P.  Dewey  ;  addi- 
tional members  of  the  Executive  Committee,  H.  N.  Stokes,  H. 
C.  Bolton,  E.  E.  Ewell,  and  L.  M.  Tolman. 

William  H.  K&uo,  Secrelary. 


iMucd  with  March  Namber,  1901. 
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BOARD  OF  DIRECTORS. 

A  meeting  of  the  Board  of  Directors  of  the  American  Chem- 
ical Society  was  held  at  the  Hotel  Kndicott,  loi  W.  8ist  Street , 
New  York  City,  Februarys,  1901.  There  were  present  Directors 
Clarke,  Doremus,  Dudley,  Hale,  Hallock,  and  Smith,  and  also 
I>rs.  Hart  and  McMurtrie.  The  meeting  was  called  to  order  at 
4.10  p.  M.  ^ 

The  sum  of  $11,590,  or  so  much  thereof  as  may  be  necessary, 
'was  appropriated  to  defray  the  expenses  of  the  Society  for  the  year 
1 90 1,  in  accordance  with  the  budget  adopted  by  the  Council  at 
the  meeting  held  in  Chicago,  December  27,  1900. 

The  librarian  was  directed  to  loan  to  the  secretary  such  num- 
bers of  the  Journal  and  Proceedings  as  the  secretary  might  need 
in  preparing  a  history  of  the  Society. 

The  sum  of  $11.62  was  appropriated  to  reimburse  Albert  C. 
Hale  for  cash  paid  for  cablegram  of  congratulations  to  Dr. 
Vladimir  Markownikoff,  as  authorized  by  the  Council. 

It  was  voted  that  educational  institutions  be  allowed  the  same 
discount  on  sets  of  Journals  as  is  given  to  dealers. 

It  was  voted  to  close  the  contract  with  specifications  for  print- 
ing and  distributing  the  Journal  as  agreed  upon  by  the  Committee 
on  Contract  and  the  Chemical  Publishing  Company.  The  presi- 
dent, the  secretary,  and  the  treasurer  of  the  Society  were  directed 
to  sign  said  contract  in  triplicate  on  behalf  of  the  Society,  and  to 
accept  the  signature  of  Edward  Hart  to  the  contract  on  behalf  of 
the  Chemical  Publishing  Company.  The  contract  was  thereupon 
signed  by  both  parties  thereto,  and  acknowledgment  of  the  same 
taken  by  notary  public. 

The  proposition  of  Dr.  Harwood  Huntington  to  give  a  com- 
plete set  of  the  Berichte  in  lieu  of  $100  in  payment  for  life  mem- 
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bership  in  the  Society  was  accepted,  and  the  treasurer  was 
directed  to  transfer  $ioo  from  the  general  funds  of  the  Society  to 
the  life  membership  fund  on  behalf  of  Dr.  Huntington  whenever 
the  complete  set  of  the  Berichte,  in  good  and  acceptable  condition, 
shall  have  been  received  by  the  librarian  for  this  purpose. 

The  treasurer  of  the  Society  was  directed  to  pay  to  the  treas- 
urer of  the  Washington  Section  the  balance  of  funds  to  which 
that  Section  was  entitled  for  dues  paid  by  its  members  during 
the  year  1900.  It  was  voted  also,  that  hereafter,  in  order  that 
such  sums  may  be  available  to  any  section,  an  application  for  said 
funds  made  in  due  form  as  prescribed  in  Section  I  of  Article  X 
of  the  constitution,  must  be  received  by  the  treasurer  of  the 
Society  within  the  year  in  which  said  funds  are  payable. 

A  special  appropriation  not  to  exceed  $25  was  voted  for  bind- 
ing a  set  of  the  Journal  and  Proceedings  for  the  editor. 

The  Board  tiien  adjourned. 

Albert  C.  Hale,  Secretary 

COUNCIL. 

The  following  recommendations  regarding  obituary  notices 
were  approved  by  Council : 

1.  It  is  recommended  that  the  secretary,  upon  being  notified 
of  the  death  of  any  member,  shall  insert  a  notice  of  the  same  of 
at  most  three  or  four  lines  in  the  next  number  of  the  Proceedings. 

2.  It  is  recommended  that  all  obituary  notices,  except  those 
provided  for  under  Section  I,  shall  be  sent  to  the  editor,  and  by 
him  referred  to  at  least  two  other  members  of  the  Committee  on 
Papers  and  Publications.  Their  joint  decision  shall  be  final,  in 
case  the  opinions  of  all  coincide.  In  case  of  disagreement,  how- 
ever, the  matter  shall  be  referred  to  the  president  of  the  Society, 
whose  decision  shall  be  final. 

3.  It  is  recommended  that  obituary  notices  shall  be  printed  in 
the  Proceedings,  the  body  of  the  Journal  being  reserved  for 
strictly  scientific  matter. 

The  Council  has  elected  the  following  named  persons  to  fill  the 
respective  offices  and  committees  mentioned  : 

For  Secretary — Albert  C.  Hale. 
For  Treasurer— Mb&ct  P.  Hallock. 
For  Librarian—^,  G.  Love. 
For  Editor — Edward  Hart. 

For  Councilor  (to  fill  balance  of  term  of  F.  W.  Clarke,  presi- 
dent), W.  B.  Rising. 
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For  Directors,  to  serve  two  years,  beginning  January  i,  1901 — 
C.  A.  Doremus,  C.  B.  Dudley. 

For  Committee  on  Memberships — Wm.  McMurtrie,  C.  L..  Reese, 
E.  G.  Love. 

For  Finance  Committed — J.  H.  Wainwright,  Durand  Woodman, 
C.  F.  McKenna.  ^ 

For  Committee  on  Papers  arid  Publications — Edward  Hart,  W.  A. 
Noyes,  W.  F.  Hillebrand,  E.  F.  Smith,  J.  H.  Long,  H.  N. 
Stokes,  Wm.  McMurtrie,  H.  P.  Talbot,  A.  A.  Noyes,  H.  W. 
Wiley. 

The  following  telegram  was  sent  in  the  name  of  the  Society  on 
the  occasion  of  the  celebration  of  the  Fortieth  Scientific  Anni- 
versary of  the  Russian  Chemical  Society,  which  took  place 
February  12,  1901. 

^^ Doctor  N,  Kijner,  Polytechnic  Museum.,  Moscow,  Russia  : 

The  American  Chemical  Society  sends  greetings  and  congratu- 
lations to  Doctor  Vladimir  Markownikoff. 

F.  W.  C1.ARKE,  President, 
Albert  C.  Hale,  Secretary:* 

NAME  PROPOSED  FOR  LIFE  MEMBERSHIP. 

Davis,  H.  J.,  65  Wall  St.,  N.  Y.   City. 

NAME  PROPOSED  FOR  MEMBERSHIP. 

Adams,  Arthur  B.,  Takoma  Park,  D.  C. 

Allen,  Eugene  T.,  U.  S.  Geol.  Survey,  Washington,  D.  C. 

Alpers,  Wm.  C,  45  W.  31st  St.,  N.  Y.  City. 

Arnold,  Frank  L.,  247  Franklin  St.,  Elizabethport,  N.  J. 
.    Balch,  Alfred  W.,  664  Huntington  Ave.,  Boston,  Mass. 

Bartlett,  Jane  H.,  Amer.  Glue  Co.,  417  Atlantic  Ave.,  Boston, 
Mass. 

Base,  Daniel,  309  N.  Schroeder  St.,  Baltimore,  Md. 

Bedford,  A.  C,  26  Broadway,  N.  Y.  City. 

Booth,  Edward,  2214  Harrison  St.,  Oakland,  Cal. 

Brinton,  Clement  S.,  Box  16,  West  Chester,  Pa. 

Browning,  Charles,  Jr.,  1324  I  St.,  Sacramento,  Cal. 

Case,  Elisha  W.,  323  E.  Williams  St.,  Ann  Arbor,  Mich. 

Chadwick,  Walter  M.,  24  W.  3rd  St.,  Bayonne,  N.  J. 

Clamer,  G.  H.,  Ajax  Metal  Co.,  Philadelphia,  Pa. 

Clapp,  Lowell  T.,  10  Park  Sq.,  Boston,  Mass. 

Clark,  Herbert  A.,  727  Washington  Ave.,  Kansas  City,  Kan. 

*  NoU. — Dr.  Elwyn  Walter  and  Mr.  M.  T.  Bogert,  who  were  nominated  by  the  Council  at 
the  annual  meeting,  were  unable  to  serve,  and  their  places  were  filled  by  Drs.  McKenna 
and  I«ove. 
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Clark,  Rufus  W.,  Jr.,  49  Erskine  St.,  Detroit,  Mich. 

Colony,  R.  J.,  Cooper  Institute,  N.  Y.  City. 

Fetterolf,  Daniel  D.,  3310  Wallace  St.,  Philadelphia,  Pa. 

Fraps,  G.  S.,  Raleigh,  N.  C. 

Griswold,  George  G. ,  care  Globe  Smelter,  Denver,  Colo. 

Guiterman,  Edward  W.,  125  Paulison  Ave.,  Bayonne,  N.  J. 

Hartzell,  Mabel  A.,  1536  S.  iSthSt.,  Lincoln,  Nebr. 

Hawkins,  J.  D.,  Colo.  Phila.  Reduction  Co.,  Colorado  Springs, 
Colo. 

Heath,  W.  P.,  Auburn  and  Courtland  Sts.,  Atlanta,  Ga. 

Heckel,  Frederic  J.,  Bradford,  Pa. 

Hendee,  Edward  T.,  University  Heights,  N.  Y.  City. 

Hitchcock,  Romyn,  20  Broad  St.,  N.  Y.  City. 

Howard,  Samuel  F. ,  Amherst,  Mass. 

Jungerich,  Eldred  E.,  317  S.  nth  St.,  Philadelphia,  Pa. 

Kauder,  Ernst,  care  of  Merck  &  Co.,  University  Place,  N.  Y. 
City. 

Kenrick,  Edgar  B.,  Winnipeg,  Canada. 

Klipstein,  August,  122  Pearl  St.,  N.  Y.  City. 

Leavenworth,  Wm.  S.,  Ripon,  Wis. 

Libby,  Geo.  N.,  Room  54,  81  S.  Clark  St.,  Chicago,  111. 

Main,  Wm.,  299  Jefferson  Ave.,  Brooklyn,  N.  Y. 

Metz,  Herman  A.,  122  Hudson  St.,  N.  Y.  City. 

Nation,  Edmund  C.,  218  Nelson  Ave.,  Peekskill,  N.  Y. 

Painter,  Jas.  S.,  Pulaski,  Va. 

Paul,  Arthur  E.,  12  S.  Elizabeth  St.,  Chicago,  111. 

Pierce,  I.  R.,  Repauno  Chem.  Co.,  Chester,  Pa. 

Remington,  J.  Percy,  36  Doughty  St.,  Brooklyn,  N.  Y. 

Riederer,  Herman  S.,  145  W.  94th  St.,  N.  Y.  City. 

Roscow,  Wm.,  102  Central  Ave.,  Pawtucket,  R.  I. 

RuhofI,  O.  E.,  Mineral  Point,  Wis. 

Ryan,  Leon  A.,  3607  Sansom  St.,  Philadelphia,  Pa. 

Segerblom,  Wilhelm,  Phillips  Exeter  Acad. ,  Exeter,  N.  H. 

Siedler,  George  J.,  High  Bridge,  N.  J. 

Silliman,  A.  P.,  Hibbing,  Minn. 

Taylor,  Alfred  E.,  641  Washington  St.,  N.  Y.  City. 

Turnbull,  Frederick,  126-128  S.  Front  St.,  Philadelphia,  Pa. 

Waitt,  Walter  G.,  58  Dwight  St.,  Boston,  Mass. 

Wingate,  Hamilton  M.,  Lab.,  20  Fort  St.,  Auckland,  N.  Z. 

NAMES  PROPOSED   FOR  ASSOCIATE  MEMBERSHIP. 

Amberg,  Arthur  J.,  1520  Melrose  St.,  Chicago,  111. 
Hasslacher,  Jacob,  100  William  St.,  N.  Y.  City. 
Hill,  Arthur  E.,  118  Mt.  Pleasant  Ave.,    Newark,  N.  J. 
Hood,  Robert  H.,  737  Warren  Ave.,  Chicago,  111. 
Mather,  Stephen  T.,  2  N.  La  Salle  St.,  Chicago,  111. 
McCarthy,  J.  H.,  Mountain  Iron,  Minn. 
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Murray,  Robert  H.,  191 1  W.  103rd  St.,  Chicago,  111. 
Plant,  Albert,  120  William  St.,  N.  Y.  City. 
Preston,  J.  F.,  Lowell,  Mass. 
Scott,  Wm.  F.,  81  West  St.,  Hyde  Park,  Mass. 
Touzaliu,  Leslie  A.,  1600  W.  Monroe  St.,  Chicago,  111. 

NEW  MBMBBRS  ELBCTBD  FEBRUARY  20  I9OI. 

Berolzheimer,  D.  D.,  317  S.  i8th  St.,  Philadelphia. 
Clark,  Alfred  N.,  Agricultural  College,  Mich. 
Fitz-Gibbon,  R.,  77  John  St.,  N.  Y.  City. 
Lohmann,  H.  J.,  90  Monticello  Ave.,  Jersey  City,  N.  J. 
Stockwell,  C.  F.,  Bassett,  Neb. 

NEW  MEMBERS  ELECTED  FEBRUARY  27,   I90I. 

Abbott,  George  A.,  M.  T.  High  School.  Indianapolis  Ind. 

Bacon,  Raymond  F.,  Vincennes  Univ.,  Vincennes,  Ind. 

Barnard,  Harry  E..,  Naval  Proving  Ground,  Indian  Head,  Md. 

Benedict,  C.  Harry,  Lake  Linden,  Mich. 

Bowen,  Ralph  A.,  163  Oliver  St.,  Boston,  Mass. 

Brown,  David  S.,  Jr.,  51st  St.  and  North  River,  N.  Y.  City. 

Cade,  Marion  L.,  14  Clinton  St.,  Cambridge,  Mass. 

Cady,  Hamilton  P.,  Lawrence,  Kas. 

Campbell,  Eugene,  University,  Miss. 

Chase,  G.  H.,  6020  Greene  St.,  Germantown,  Philadelphia. 

Craig,  W.  Dixon,  Canada  Iron  Furnace  Co.,  Midland,  Ontario. 

Cutter,  Wm.  D.,  1208  Pacific  St.,  Brooklyn,  N.  Y. 

Ferris,  Wm.  S.,  224  Murray  St.,  Madison,  Wis. 

Fowler,  Roy  E.,  428  Lake  St.,  Madison,  Wis. 

Freas,  Thomas  B.,  Univ.  of  Chicago,  Chicago,  111. 

Geis,  John  F.,  The  Medical  College  of  Indiana,  Indianapolis, 
Ind. 

Germer,  J.  W.,  511  Lincoln  Ave.,  Chicago,  111. 

Gillinder,  James,  Jr.,  1509  Oxford  St.,  Philadelphia,  Pa. 

Goody,  Forest  D.,  701  S.  Water  St.,  Denver,  Colo. 

Hall,  Roy  D.,  712  Langdon  St.,  Madison,  Wis. 

Hantke,  Ernst,  646  Broadway,  Milwaukee,  Wis. 

Harris,  Harry  B.,  care  Southern  Cotton  Oil  Co.,  Savannah  Ga. 

Hendrixson,  W.  S.,  Iowa  College,  Grinnell,  Iowa. 

Holbrook,  George  M.,  64th  St.  and  Lexington  Ave.,  Chicago, 
111. 

Hunt,  Caroline  L.,  1566  Ashland  Ave.,  Evanston,  111. 

Kern,  Edward  F.,  77  Lenox  Ave.,  N.  Y.  City. 

Mains,  Elmer  E.,  415  Humboldt  Ave.,  Detroit,  Mich. 

McCarthy,  Maurice  L.,  1168  Massachusetts  Ave.,  Cambridge, 
Mass. 

Merzbacher,  Aaron,  Carpenter  Steel  Co.,  Reading,  Pa. 

Montgomery,  John  P.,  Univ.  of  Va.,  Charlottesville,  Va. 
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Moore,  Charles  J.,  Charlottesville,  Va. 

Moore,  Richard  B.,  Univ.  of  Mo.,  Columbia,  Mo. 

Mosher,  Willet  H.,  Univ.  of  BufiFalo,  Buffalo,  N.  Y. 

Porter,  John  L.,  Water  Purification  Station,  New  Orleans,  La. 

Pray,  Charles  P.,  Hempstead,  N.  Y. 

Price,  T.  M.,  College  Park,  Md. 

Smith,  Alexander,  Univ.  of  Chicago,  Chicago,  111. 

Smith,  Edwards.,  care Grasselli  Chem.  Co.,  East  Chicago,  Ind. 

Smith,  S.  M.,  Elon  College,  N.  C. 

Titus,  Winifred,  202  Langdon  St.,  Madison.  Wis. 

Walters,  Edward  P.,  22  Everett  Ave.,  Dorchester,  Mass. 

Walworth,  Joseph  E.,  Lawrence,  Mass. 

Wills,  J.  Lainsofi,  133  Midwood  St.,  Flatbush,  Brooklyn,  N.Y. 

Wright,  Frank,  2421  Dearborn  St.,  Chicago,  111. 

Youtz,  L.  A.,  1272  Amsterdam  Ave.,  N.  Y.  City. 

Ziegler,  Howard,  526  Penn  St.,  Reading,  Pa. 

ASSOCIATES  EI.ECTED  FEBRUARY  27,  I901. 

Bloom,  Warren  E.,  44  Montgomery  St  ,  Jersey  City,  N.  J. 
Driscoll,  J.,  71  Centre  St.,  Roxbury,  Mass. 
Langmuir,  Irving,  185  W.  135th  St.,  N.  Y.  City. 

NEW   MEMBERS  ELECTED   MARCH    1 3,    I9OI. 

Aldrich,  Thomas  B.,  284  Pennsylvania  Ave.,  Detroit,  Mich. 
Arnold,  Charles  E.,  Sidney,  C.  B.,  Canada. 
Barker,  Elliott  R.,  Berlin,  N.  H. 

Barrows,  Ernest  R.,  Albany  Chemical  Co.,  Albany,  N.  Y. 
Fritchle,  Oliver  P.,  1734  Arapahoe  St.,  Denver,  Colo. 
Goessmann,  Charles  I.,  728  Main  St.,  Worcester,  Mass. 
Hart,  Walter  H.,  2010  Wallace  St.,  Philadelphia,  Pa. 
Hauser,  F.  C.»  Jr.,  6th  and  Main  Sts.,  Covington,  Ky. 
Kohl,  Herbert  C,  Craigs\dlle,  Va. 
McDonnell,  Curtis  C,  Clemson  College,  S.  C. 
McFarland,  David  F.,  State  Univ.,  Lav^Tence,  Kans. 
Morre,  G.  J.,  Jr.,  271  W.  22d  St.,  N.  Y.  City. 
Page,  Logan  W.,  2019  O  St.,  Washington,  D.  C. 
Ryland,  Garnett,  Orono,  Me. 
Schlisinger,  Bart  E.,  Warren  St.,  Brookline,  Mass. 
Thomas,  George  E.,  1513  N.  Gratz  St.,  Philadelphia,  Pa. 
von  Isakovics,  Alois,  457  E.  121st  St.,  N.  Y.  City. 
Watkins,  James  B.,  1424  Aisquith  St.,  Baltimore,  Md. 
Wilkins,  Albert  D.,  8  Sprague  Ave.,   Bellevue  P.  O.  Station, 
Allegheny,  Pa. 

Young,  J.  Bertram,  532  Franklin  St.,  Reading,  Pa. 
Zeiss,  William,  54  Lawrence  Ave.,  Detroit,  Mich. 
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ASSOCIATES  ELECTED  MARCH    13,    19OI. 

Baldwin,  Wareham  S.,  522  Monroe  St.,  Ann  Arbor,  Mich. 
Ellett,  T.  S.,  3767  Ellis  Ave.,  Chicago,  111. 
Law,  Leroy  M.,  310  9th  St.,  N.  E.,  Washington,  D.  C. 
McKnight,   J.   Renwick,    Wm.    Cramp  &  Sons,   York   and 
Thompson  Sts.,  Philadelphia,  Pa. 

Satnmet,  George  V.,  73  Sheridan  St.,  Boston,  Mass. 
Sheiry,  Dillon,  132  FSt.,  N.  E.,  Washington,  D.  C. 
Smith,  Roger  G.,  314  A  St.,  N.  E.,  Washington,  D.  C. 

CHANGES  OF  ADDRESS. 

Ackerman,  Franz  W.,  54  Livingston  St.,  Brooklyn,  N.  Y. 

Anderson,  Duncan,  Jr.,  Radnor  Forges,  P.  Q.,  Canada. 

Elworthy,  H.  S.,  153  The  Grove,  Denmark  Hill,  S.  E.  London, 
Eng. 

Evans,  W.  L.,  Box  371,  Colorado  Springs,  Colo. 

Felt,  W.  W.,  9431  Longwood  Ave.,  Chicago,  111. 

Hamilton,  Louis  P.,  Homitos,  Cal. 

Hoffman,  P.  C,  Box  466,  Savannah,  Ga. 

Lambom,  Leebert  L.,  care  Maple  City  Soap  Co.,  Monmouth, 
111. 

Lazell,  E.  W.,  1109  Stephen  GirardBldg.,  Philadelphia,  Pa. 

Mallory,  J.  Halsey,  919  Anstell  Bldg.,  Atlanta,  Ga. 

McDowell,  A.  H.,  Helper,  Utah. 

Nathan,  Albert  F.,  Jr.,  U.  S.  Patent  Office,  Washington,  D.  C. 

Neilson,  Thomas,  Redding,  Shasta  Co.,  Cal. 

Perkins,  T.  S.,  care  Cal.  Tartar  Works,  123  California  St., 
San  Francisco,  Cal. 

Sanborn,  E.  R.,  West  Middlesex,  Pa. 

Schuyler,  E.  H.,  High  School,  Erie,  Pa. 

Shepard,  C.  H.,  Union  Iron  Works,  Chem.  Lab.,  Potrero,  Cal. 

Simons,  F.  D.,  The  Essex,  1422  N  St.,  Washington,  D.  C. 

Smiley,  W.  P.,  145  Parkview  Ave.,  BuflFalo,  N.  Y. 

Veitch,  F.  P.,  Div.  of  Soils,  U.  S.  Dept.  of  Agr.,  Washington, 
D.  C. 

Voorhees,  Gerald  E.,  1025  Spruce  St.*  Philadelphia,  Pa. 

Watson,  Henry  E.  G.,  5333  Wayne  Ave.,  Germantown,  Pa. 

Wing,  Herbert  H.,  326  Richmond  Terrace,  New  Brighton, 
S.  I.,  N.  Y. 

DECEASED  MEMBERS. 

Mr.  Hermann  A.  Loos,  of  New  York  City,  member  of  the 
Society  since  1898,  died  July  17,  1900. 

-   Mr.  Allan  Wells,  of  Pittsburg,  Pa.,  member  of  the  Society 
since  1900,  died  October  15,  1900. 
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Major  C.  Chauncey  Parsons,  of  Brooklyn,  N.  Y.,  member  of 
the  Society  since  1894,  and  secretary  of  the  Committee  an  Patent 
and  Related  Legislation  since  its  appointment,  died  January  16, 
1901. 

Mr.  Edward  L.  Smith,  of  Worcester,  Mass.,  member  of  the 
Society  since  1893,  ^^^  February  19,  1901. 

Professor  Lawrence  S.  Williams,  of  Chicago,  111.,  member  of 
the  Society  since  1899,  died  February  19,  1901. 


MEETINGS  OF  THE  SECTIONS. 

NEW  YORK   SBCTION. 

The  February  meeting  was  held  on  Friday  evening,  February 
8th,  at  the  Chemists'  Club,  Dr.  C.  A.  Doremus  presiding,  and 
sixty-five  members  present. 

The  minutes  of  the  January  meeting  were  read  and  accepted 
as  read. 

The  following  papers  were  read: 

''  The  Chemistry  of  Materials  used  in  Perfumery  and  Kindred 
Arts,*'  by  T.  C.  Steams. 

*' Decomposition  of  the  Chlorides  of  the  Alkali  Metals  by 
Sulphuric  Add,"  with  exhibition  of  crystals,  by  C.  W.  Volney. 

"  Metallic  Soaps  from  Linseed  Oil :  An  Investigation  of  Their 
Solubilities  in  Certain  of  the  Hydrocarbons,"  by  H.  T.  Vult6 
and  Harriet  W.  Gibson. 

a.  "  On  the  Heat  of  Combustion  as  a  Factor  in  the  Analytical 
Examination  of  Oils,"  h,  ''The  Heats  of  Combustion  of  Some 
Commercial  Oils,"  by  H.  C.  Sherman  and  J.  F.  Snell. 

During  the  discussion  of  Dr.  Steams'  paper.  President  F.  W. 
Clarke  and  Past  Presidents  Dudley  and  McMurtrie  arrived  and 
were  invited  to  seats  on  fiie  platform. 

Dr.  Volney  exhibited  crystals  which  he  considered  as  poly- 
sulphates.  Prof.  Bogert  and  others  thought  they  were  add  sul- 
phates with  sulphuric  add  of  crystallization,  and  that  even  their 
thermal  behavior  was  in  favor  of  this  view. 

In  the  discussion  of  the  paper  read  by  Dr.  Vult6,  Prof.  Sabin 
said  that  a  great  many  of  the  driers  in  use  were  made  from  rosin 
and  contained  no  linseed  soaps  at  all.  Dr.  Dudley  said  he  knew 
of  no  subject  needing  more  study  than  the  chemistry  of  the  dry- 
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ing  of  oil,  and  that  a  great  deal  of  time  bad  been  spent  on  it  in 
his  laboratory.  He  said  that  shellac  was  a  substance  used  in 
driers  which  he  was  surprised  not  to  find  mentioned  in  the  paper 
read.  He  found  that  oil  driers  used  in  excess  retard  drying,  but 
that  gum  shellac  driers  could  be  used  in  all  proportions  and  dry- 
ing would  occur  approximately  in  proportion  to  the  drier  used. 
He  had  ^Iso  found  that  a  lead  and  manganese  drier  could  be  pre- 
pared which  would  induce  dr3ring  of  linseed  oil  in  two  hours. 

In  the  discussion  of  the  paper  presented  by  Messrs.  Sherman 
and  Snell,  it  was  shown  that  in  the  case  of  a  drying  oil  exposure 
to  the  air  produced  a  reduction  in  the  heat  of  combustion  which 
may  amount  to  lo  per  cent.,  whereas  lard  oil  with  the  same 
exposure  lost  only  i  per  cent,  of  its  heat  of  combustion. 

To  ignite  the  oil  in  the  bomb  calorimeter  it  was  found  satis- 
factory to  absorb  it  on  asbestos  wool,  whereby  the  use  of  any 
special  igniting  substance  with  its  consequent  introduction  of  a 
troublesome  error,  was  entirely  obviated. 

The  chair  announced  that  a  new  set  of  by-laws  had  been  drawn 
up  by  the  Executive  Committee,  and  would  be  presented  for 
adoption. 

They  were  then  read  by  the  secretary  and  unanimously 
adopted  as  follows : 

By-Laws  for  Governing  the  New  York  SecHoti  of  the  American 

Chemical  Society, 

First :  All  members  of  the  American  Chemical  Society  residing 
in  New  York  City,  and  within  fifty  miles  of  the  City  Hall  of 
that  city,  shall  be  members  of  the  Section. 

Second:  The  officers  of  the  Section  shall  consist  of  a  Chairman, 
Vice-Chairman,  and  also  of  a  Secretary  and  Treasurer  combined 
in  one  person ;  an  Executive  Committee  to  consist  of  the  above 
officers  and  three  additional  members  of  the  Section. 

Third:  The  officers  shall  be  elected  by  ballot,  and  installed  at 
the  meeting  which  shall  be  held  annually  on  the  first  Friday 
after  the  first  Monday  in  June. 

Fourth :  The  Section  shall  hold  nine  meetings  a  year,  one  upon 
the  first  Friday  after  the  first  Monday  of  each  month,  excepting 
July,  August,  and  September.  Special  meetings  may  be  called  at 
the  discretion  and  by  the  order  of  the  Executive  Committee. 

Fifth  :  No  papers  may  be  read  in  open  meeting  until  they  have 
been  approved  by  the  Executive  Committee. 

Sixth  :  All  papers  read  at  the  meetings  of  the  Section  must  be 
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submitted  to  the  Executive  Committee  before  being  sent  to  the 
Editor  of  the  Journal. 

Seventh :  Papers  intended  for  publication  shall  be  delivered  to 
the  secretary  at  the  close  of  the  meeting  at  which  they  have  been 
read. 

Eighth  :  The  treasurer  shall  submit  all  bills  to  the  Executive 
Committee  before  payment,  shall  annually  report  to  the  Executive 
Committee,  and  his  report  and  accounts  shall  be  examined  and 
audited  by  a  committee  of  two,  to  be  appointed  by  the  Chairman 
of  the  Section. 

Ninth :  Order  of  business  :  Reading  of  Minutes,  Report  of 
OflScers  and  Executive  Committee,  Reading  of  Papers,  Special 
Committee  Reports,  Miscellaneous  Business. 

Tenth  -  The  Section  shall  be  otherwise  governed  and  controlled 
by  the  Constitution  of  the  Society. 

On  motion,  E.  H.  Miller  was  nominated  and  elected  as  member 
of  the  Executive  Committee  to  take  the  place  of  Prof.  Bogert, 
Vice-Chairman,  as  required  by  the  by-laws. 

The  meeting  was  then  adjourned. 

DuRAMD  Woodman,  Secretary. 
WASHINGTON    SECTION. 

The  124th  regular  meeting  was  held  February  14.  Dr.  H. 
Carrington  Bolton,  the  retiring  president,  addressed  the  Society 
on  the  subject  **  Physics  and  Faith.'* 

The  following  papers  were  then  presented:  **The  Solubility 
of  Gypsum  in  Aqueous  Solution  of  Sodium  Chloride,"  by  F.  K. 
Cameron. 

This  paper  was  a  description  of  the  continuation  of  investiga- 
tions along  this  line  previously  reported  by  the  author.  It  was 
found  that  the  solubility  curve  presented  a  maximum  point  even 
when  calculated  on  the  basis  of  a  given  mass  of  solvent  instead 
of  a  given  volume  of  solution.  A  discussion,  together  with  the 
results  of  experiments,  was  given  on  the  nature  of  the  hydrate 
of  calcium  sulphate  in  the  solid  phase  in  contact  with  certain 
solutions.  A  theoretical  discussion  of  the  results  was  presented, 
and  some  practical  applications  pointed  out. 

"  Equilibrium  between  Carbonates  and  ^icarbonates  in  Aque- 
ous Solution,"  by  F.  K.  Cameron  and  J.  L.  Briggs. 

The  curves  showing  the  distribution  of  the  base  between  the 
two  salts  for  solutions  in  equilibrium  with  ordinary  air  were 
shown.     For   solutions  of  the   salts  of  sodium,   potassium,  or 


(69) 

magnesium,  as  infinite  dilution  is  approached  the  bases  are  all 
xx>mbined  as  hydrogen  carbonates.  As  the  total  concentration 
increases,  the  percentage  of  base  combined  as  normal  carbonate 
increases  rapidly  to  a  certain  point,  then  asymptotically  and  as 
the  solutions  approach  high  concentration  there  is  again  a  falling 
off,  showing  the  existence  of  maximum  points  on  the  curves. 
Solutions  of  calcium  salt  contain  so  little  normal  carbonate  when 
in  equilibrium  with  air,  that  practically  they  may  be  considered 
as  containing  only  the  hydrogen  carbonate.  With  rise  of 
temperature,  in  all  cases,  there  is  an  increase  in  the  proportion  of 
normal  carbonate  in  the  solution,  and  at  loo^  C.  all  the  base  is 
combined  as  normal  carbonate  for  practically  all  concentrations. 
A  theoretical  discussion  accompanied  the  paper,  and  practical 
applications  of  the  results  were  pointed  out. 

I^.  S.  MUNSON,  Secretary. 


CINCINNATI  SECTION. 

The  77th  regular  meeting  was  held  in  the  Chemical  Lecture 
Room,  Hanna  Hall,  University  of  Cincinnati,  on  Monday  eve- 
ning, October  15,  1900.  Miss  Hannah  L.  Wessling,  first  vice- 
president,  presided  in  the  absence  of  the  president.  Dr.  A.  T. 
Lincoln  presented  the  paper  of  the  evening  on  '*  Physical 
Reactions  and  the  Mass  Law." 


The  78th  regular  meeting  was  held  on  Thursday  evening, 
November  15,  1900.  Ofiicers  of  the  Section  for  1901  were  nomi- 
nated, and  Dr.  Thomas  Evans  was  elected  representative  in  the 
council.  Prof.  O.  W.  Martin  presented  a  paper  on  **  The*  Manu- 
facture of  Carborundum  at  Niagara  Falls,*'  and  illustrated  it  with 
a  number  of  lantern  slide  views. 


The  79th  regular  meeting  was  held  on  Saturday  evening, 
December  15,  1900,  at  the  usual  place  of  meeting  at  the  univer- 
sity. The  following  officers  were  elected  for  the  year  1901  : 
President,  Wm.  H.  Crane;  first  vice-president,  Robert  W. 
Hochstetter ;  second  vice-president,  B.  M.  Pilhashy  ;  secretary, 
Frank  I.  Shepherd  ;  treasurer,  Henry  B.  Foote  ;  Executive  Com- 
mittee, Otto  Dieckmann,  Cora  Morton,  and  R.  W.  Proctor.  Two 
very  interesting  papers  were  presented.  One  by  Dr.  J.  H.  Kastle, 
on  **The  Nature  of  the  Enzymes."  and  the-  other  by  Dr.  H.  M. 
Gordin,  on  "The  Alkalimetric  Factors  of  Some  Alkaloids." 
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On  Saturday,  January  19,  1901,  the  Section  celebrated  its  loth 
anniversary.  In  the  afternoon  the  members  and  guests  were 
conducted  through  the  Rookwood  Pottery  by  its  superintendent, 
Mr.  Stanley  G.  Burt.  In  the  evening  a  German  supper  and 
commers  was  had  at  the  Hotel  Sterling. 


The  8 1  St  regular  meeting  was  held  on  Friday  evening, 
February  15,  1901.  In  the  absence  of  the  secretary,  Dr.  S. 
Waldbott  occupied  his  position  for  the  evening.  Dr.  H.  £. 
Newman  read  a  paper  on  "  Atomic  Divisibility,"  and  Dr.  Alfred 
Springer  presented  a  brief  paper  on  "  The  Purification  of  River 
Water  by  Means  of  Caustic  Alkalis." 


At  the  March  meetiiig,  Thursday  evening  the  14th,  papers 
were  presented  by  Dr.  H.  M.  Gordin,  on  "  Method  for  the  Assay 
of  Drugs,"  and  by  Dr.  Alfred  Springer,  on  '*  Things  Unscientific.*' 

PmANK  I.  Sbbfhbrd,  Secntufy. 
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TWENTY-FIFTH  ANNIVERSARY  OF  THE   AMERI- 

CAN  CHEMICAL  SOCIETY. 


Twenty-Third  General  Meeting. 


The  twenty-fifth  anniversary  of  the  organization  of  the  Ameri- 
can Chemical  Society  was  celebrated  by  a  general  meeting  of  the 
Society,  held  in  New  York  City,  Friday  and  Saturday,  April  12 
and  13,  1 90 1.  The  sessions  were  held  in  the  assembly  hall  of 
the  Chemists*  Club,  io8  W.  55th  Street,  by  special  invitation  of 
the  trustees  of  the  club.  The  rooms  of  the  club  were  the  head- 
quarters for  the  anniversary  celebration,  and  the  privileges  of  the 
dub  were  extended  to  all  the  visiting  chemists. 

During  the  forenoon  of  Friday,  April  12th,  the  Registration 
Committee  was  in  attendance  at  the  Chemists*  Club,  where  the 
visiting  chemists  were  informally  received  and  welcomed.  At  i 
P.M.  on  Friday,  luncheon  was  served  at  the  club,  through  the 
courtesy  of  the  New  York  Section  of  the  Society. 

The  first  session  of  the  meeting  was  called  to  order  at  2.40  p.m. 
by  Dr.  C.  A.  Doremus,  chairman  of  the  New  York  Section,  who 
welcomed  the  chemists  on  behalf  of  the  local  section,  and  out- 
lined the  general  plan  for  the  celebration.  Dr.  Doremus  then 
introduced  Mr.  T.  J.  Parker,  president  of  the  Chemists*  Club, 
who  addressed  some  words  of  welcome  on  behalf  of  the  club. 
President  F.  W.  Clarke  responded  on  behalf  of  the  Ameri- 
can Chemical  Society,  expressing  the  thanks  of  the  visiting 
chemists  for  their  welcome,  and  making  a  few  remarks  on  the 
condition  and  prospects  of  the  Society. 

The  minutes  of  the  last  general  meeting  of  the  Society  were 
approved  as  recorded  by  the  secretary.  The  secretary  then  read 
several  communications  received  relative  to  the  occasion,  includ- 
ing a  large  number  of  replies  from  invited  guests,  and  a  telegram 
of  congratulation  from  the  Chicago  Section  of  the  Society. 
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The  following  papers  were  then  presented  :  * '  Chemical  Socie- 
ties of  the  XIX  Century,"  by  H.  Carrington  Bolton.  Read  by 
C.  A.  Doremus.  **  Historical  Sketch  of  the  American  Chemical 
Society,*' by  Albert  C.  Hale.  **  Organization  and  Development 
of  the  Chemical  Section  of  the  American  Association  for  the 
Advancement  of  Science,'*  by  Marcus  Benjamin.  Read  by  the 
secretary.  **  Progress  in  Organic  Chemistry  during  the  Past 
Twenty-five  Years,"  by  W.  A.  Noyes.  Presented  in  abstract  by 
Charles  Baskerville. 

Dr.  Baskerville  also  presented  the  following  papers  which  were 
read  by  title :  *  *  Aims  and  Opportunities  Offered  in  Physical 
Chemistry  in  America,"  by  Louis  Kahlenberg.  **  Improved 
Teaching  in  Technical  Chemistry  and  Results  Accomplished  by 
the  Application  of  Chemistry  to  the  Arts  in  America  since  the 
Founding  of  the  American  Chemical  Society,"  by  Charles  E. 
Munroe.  **  Progress  of  Teaching  Chemistry  in  the  Schools 
Since  the  Founding  of  the  American  Chemical  Society,"  by 
Rufus  P.  Williams. 

Dr.  Baskerville  then  made  a  report  of  progress,  summing  up 
the  work  already  accomplished  by  the  Census  Committee. 

It  was  voted  that  the  various  reports  that  had  been  presented 
be  referred  back  to  their  committees  for  coordination,  completion, 
and  subsequent  reference  to  the  Committee  on  Papers  and 
Publications. 

The  secretary  presented  to  the  society  the  names  of  the  follow- 
ing persons  as  nominees  for  election  to  honorary  membership, 
stating  that  the  requirements  of  the  constitution  in  reference 
thereto  had  been  complied  with,  and  moving  that  the  persons  so 
presented  be  elected  as  honorary  members.  The  motion  was  duly 
seconded  and  unanimously  adopted.  The  list  of  persons  so  elected 
includes  :  Professor  William  Ramsay, University  College,  London, 
Eng. ;  Professor  Doctor  Emil  Fischer,  Berlin,  Germany ;  Professor 
Doctor  Adolph  von  Baeyer,  Munich,  Germany ;  Professor 
Doctor  George  Lunge,  Zurich,  Switzerland ;  Sir  Henry  E. 
Roscoe,  University  of  London,  Eng. 

After  a  few  announcements,  the  afternoon  session  was 
adjourned. 

At  the  close  of  the  afternoon  session,  a  meeting  of  the  council 
of  the  Society  was  held  in  the  assembly  hall  of  the  club.  After 
the  consideration  of  a  number  of  subjects  which  were  presented, 
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the  council  adjourned  for  final  deliberation  upon  them  at  9  a.m. 
the  next  day,  in  conformity  with  the  official  announcement  of 
the  meeting  which  had  been  sent  to  the  councilors. 

EVENING  SESSION. 

The  evening  session  was  called  to  order  in  the  assembly  hall  of 
the  Chemists*  Club,  at  8.45  p.m.  by  President  Clarke.  Addresses 
were  delivered  as  follows  :  **The  Dignity  of  Chemistry,'*  by  H. 
W.  Wiley.  **  Formation  of  the  American  Chemical  Society,'*  by 
C.  F.  Chandler.  After  the  addresses,  on  motion  of  Dr.  Morley, 
the  thanks  of  the  Society  were  unanimously  voted  to  the  New 
York  Section  of  the  Society  and  the  local  Committee  of  Arrange 
ments ;  to  the  trustees  of  the  Chemists'  Club  for  their  courtesies 
and  the  use  of  their  rooms ;  to  the  chairman  of  the  New  York  Sec- 
tion and  the  president  of  the  Chemists'  Club  for  their  cordial  words 
of  welcome ;  to  the  officers  and  managers  of  the  various  institu- 
tions and  works  opened  for  inspection  to  the  visiting  chemists. 

After  some  announcements,  the  evening  session  was  adjourned. 

At  the  close  of  the  evening  session,  refreshments  were  served 
by  the  New  York  Section  of  the  Society  to  the  chemists  and 
their  friends  who  remained  to  enjoy  a  brief  social  occasion. 

SATURDAY,  APRIL  I3TH. 

The  day  was  spent  in  the  enjoyment  of  the  various  visits  and 
excursions  arranged  for  by  the  local  committee,  and  in  the  eve- 
ning a  subscription  dinner  was  enjoyed  at  the  Hotel  Savoy,  59th 
Street  and  Fifth  Avenue. 

COUNCIL. 

The  council  of  the  American  Chemical  Society  met  in  the 
assembly  hall  of  the  Chemists'  Club,  New  York  City,  on  Friday, 
April  12,  1 901.  The  meeting  was  called  to  order  by  the  president 
-of  the  Society  at  4.50  p.m.  There  were  present  Messrs.  Clarke, 
McMurtrie,  Mallet,  Baskerville,  Hale,  Morley,  Chandler,  Dore- 
mus,  A.  A.  Noyes,  Talbot,  Remsen,  and  Stone. 

The  former  minutes  of  the  council  were  approved  as  recorded 
by  the  secretary. 

The  council  voted  to  approve  the  nominations  to  membership 
made  up  to  the  close  of  the  anniversary  meeting  and  directed  the 
secretary  to  declare  such  nominees  elected  whenever  all  other 
requirements  of  the  constitution  should  be  met. 
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It  was  voted  to  authorize  the  librarian  to  sell  sixteen  volumes 
of  back  numbers  of  the  Journal  to  Professor  Neher  at  the  regular 
specified  price. 

The  librarian  was  also  authorized  and  directed  in  his  discretion 
to  purchase  such  back  numbers  of  the  Journal  as  are  o£Fered  for 
sale  and  as  he  might  deem  desirable  and  to  keep  them  in  stock. 

The  librarian  and  treasurer  were  constituted  a  committee  to 
arrange  for  insurance  of  the  stock  of  Journals  kept  at  the 
Chemists'  Club. 

The  council  voted  to  suggest  to  the  directors  that  they  appro- 
priate from  funds  not  otherwise  appropriated,  the  sum  of  $75  to 
defray  the  expense  of  storage  of  the  back  numbers  of  the 
Journal  which  are  kept  at  the  Chemists'  Club.  The  librarian 
was  authorized  to  collect  the  cost  of  transportation  of  back 
numbers  of  the  Journal  to  delinquents  in  pa3rment  of  dues. 

The  action  of  the  directors  with  reference  to  accepting  a  set  of 
the  Berichte  in  lieu  of  $100  as  payment  for  life  membership  for 
Harwood  Huntington  was  approved.  It  was  voted  that  when 
the  council  adjourns  it.  adjourns  to  meet  at  the  Chemists'  Club 
to-morrow  momiifg  at  9  o'clock,  and  that  the  secretary  be 
instructed  to  have  his  report  of  this  meeting  ready  for  presenta- 
tion at  that  time. 

The  council  then  adjourned. 

Ai«BBRT  C.  Halb,  Secretary. 

ADJOURNED  MEETING  OF  THE  COUNCII.. 

The  adjourned  meeting  of  the  council  of  the  American  Chem- 
ical Society  was  held  at  the  Chemists'  Club,  Saturday,  April  13, 
1901. 

The  meeting  was  called  to  order  .by  President  Clarke  at  9  a.m. 

There  were  present  Messrs.  Clarke,  Wiley,  Hart,  Doiemus, 
Chandler,  Hale,  Mallet,  Remsen,  £.  £.  Smith,  McMurtrie, 
Talbot,  A.  A.  Noyes,  Caldwell,  Baskerville,  and  Stone. 

The  minutes  of  the  previous  meeting  were  approved  as  recorded 
by  the  secretary. 

The  action  of  the  council  at  the  meeting  of  April  12th,  was 
approved  and  adopted. 

It  was  voted  that  the  Committee  on  Papers  and  Publications 
be  directed  to  publish  the  proceedings,  papers,  and  all  matter  of 
report  pertaining  to  the  anniversary  meeting  in  a  separate  volume. 
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It  was  also  voted  that  the  directors  be  authorized  to  appro- 
priate the  stun  of  $500,  or  so  much  thereof  as  may  be  necessary, 
from  funds  not  otherwise  appropriated,  to  cover  the  expense  of 
completing  and  publishing  the  proceedings  of  the  twenty-fifth 
anniversary. 

Dr.  Hart  presented  the  following  report  from  the  Committee 
on  Papers  and  Publications:  '*. The  Committee  on  Papers  and 
Publications  met  at  the  Chemists'  Club  at  7.15  p.m.,  April  12, 
1901.  Doctors  Hart,  McMurtrie,  Wiley,  Talbot,  and  A.  A. 
Noyes  were  present. 

Dr.  A.  A.  Noyes  announced  that  it  would  probably  be  impos- 
sible to  continue  after  the  end  of  the  present  year  the  **  Review 
of  American  Chemical  Research"  as  a  contribution  from  the 
Massachusetts  Institute  of  Technology,  owing  to  the  fact  that 
many  of  the  reviewers  who  have  now  been  engaged  in  the  work 
for  several  years  have  come  to  feel  that  it  is  a  serious  burden  and 
desire  to  be  relieved  of  the  work. 

Dr.  Hart  announced  that  he  had  been  unsuccessful  in  engaging 
an  editor  to  take  charge  of  the  plan  of  preparing  abstracts  of 
chemical  work  in  general,  although  he  has  approached  three 
members  of  the  Society. 

On  motion  of  Dr.  Wiley  and  second  of  Dr.  McMurtrie,  it  was 
voted  that  it  is  the  sense  of  the  committee  that  it  is  impracticable 
to  carry  out  the  spirit  of  the  resolution  adopted  at  the  Chicago 
Meeting  in  regard  to  the  preparation  of  abstracts  of  chemical 
work  in  general,  but  that  it  is  advisable  to  continue  and  make 
more  complete  the  '  Review  of  American  Chemical  Research.'  " 

On  motion  of  Dr.  Hale,  the  report  was  accepted  and  its  recom- 
mendation adopted. 

It  was  voted  that  the  action  of  the  council  at  the  meeting  in 
Chicago  covering  the  preparation  of  abstracts  be  and  is  hereby 
repealed,  and  that  the  directors  be  and  they  are  hereby  author- 
ized to  repeal  the  appropriation  of  monies  to  carry  on  the  work 
designated. 

It  was  also  voted  that  the  sum  of  $100,  or  so  much  thereof  as 
may  be  necessary,  be  and  is  hereby  appropriated,  from  funds  not 
otherwise  appropriated,  to  be  used  by  the  Committee  on  Papers 
and  Publications  in  carrying  into  eflFect  the  provisions  of  the 
report  of  said  committee  as  adopted  by  the  council. 

The  council  then  adjourned.     Albert  C.  Hale,  Secretary. 
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BOARD  OF  DIRECTORS. 

The  meeting  was  called  to  order  by  the  president  of  the  Society 
at  lo.io  A.M.,  Saturday,  April  13,  1901.  There  were  present 
Messrs.  Clarke,  Chandler,  K.  £.  Smith,  and  Hale. 

The  minutes  of  the  previous  meetings,  up  to  date,  were  adopted 
as  recorded  by  the  secretary. 

Upon  motion  of  Dr.  McMurtrie,  it  was  resolved  that  the  sum 
<^f  $75.  or  as  much  thereof  as  may  be  necessary,  be  and  is  hereby 
appropriated  from  funds  not  otherwise  appropriated,  to  defray 
the  expense  of  storage  of  the  back  numbers  of  the  Journal  which 
are  kept  in  the  building  of  the  Chemists*  Club. 

It  was  also  voted  that  the  sum  of  $500,  or  as  much  thereof  as 
may  be  necessary,  be  and  is  hereby  appropriated,  from  funds  not 
otherwise  appropriated,  to  cover  the  expense  of  compiling  and 
publishing  the  proceedings  of  the  twenty-fifth  anniversary  of  the 
Society. 

It  was  voted  that  the  sum  of  $100,  or  as  much  thereof  as  may 
be  necessary,  be  and  is  hereby  appropriated,  from  funds  not 
otherwise  appropriated,  to  be  used  by  the  Committee  on  Papers 
and  Publications  in  carrying  into  eflFect  the  provisions  of  the 
report  of  said  committee  presented  to,  and  adopted  by,  the  Council 
this  day. 

It  was  voted  that  the  librarian  be  authorized  to  sell  to  Pro- 
fessor Neher  sixteen  volumes  of  the  back  numbers  of  the  Journal. 

It  was  voted  that  the  librarian  be  and  is  hereby  authorized  and 
directed  in  his  discretion  to  purchase  such  back  numbers  of  the 
Journal  as  are  offered  for  sale  and  as  may  seem  to  him  desirable, 
and  to  keep  them  in  stock. 

It  was  voted  that  the  librarian  and  treasurer  be  constituted  a 
committee  to  arrange  for  the  insurance  of  the  stock  of  Journals 
kept  in  the  building  of  the  Chemists'  Club. 

It  was  voted  that  the  librarian  be  and  is  hereby  authorized  to 
collect  the  cost  of  transportation  of  back  numbers  of  the  Journal 
to  delinquent  members  on  payment  of  their  dues. 

It  was  also  voted  that  since  the  action  of  the  council  at  the 
meeting  in  Chicago  covering  the  preparation  of  abstracts  has  been 
repealed,  the  directors  hereby  repeal  the  appropriation  of  monies 
to  carry  on  the  work  designated. 

The  following  resolution  was  unanimously  adopted  : 

Resolved,  *  *  That  the  treasurer  of  this  Society  be,  and  he  hereby 
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is  authorized  to  receive  and  give  receipts  for  all  money  due  and 
payable  to  this  Society  from  any  source  whatever,  and  to  endorse 
checks  and  warrants  in  its  name  and  on  its  behalf,  and  full  dis- 
charge for  the  same  to  give.  * ' 
The  directors  then  adjourned. 

Albert  C.  Halb,  Secretary, 

NAMES   PROPOSED  FOR   MEMBERSHIP. 

Arndt,  Frederick  J.  P.,  226  E.  35th  St.,  N.  Y.  City. 

Breidenbaugh,  Edward  S.,  Pennsylvania  College,  Gettysburg, 
Pa. 

Broshears,  John  W. ,  27-34  Rialto  Bldg. ,  Chicago,  111. 

Clement,  D.  H.,  Butte,  Mont. 

Clevenger,  Galen  H.,  Rapid  City,  S.  D. 

Dreyfus,  Wm.,  208  E.  52nd  St.,  N.  Y.  City. 

Falding,  Frederic  J.,  Exchange  Court,  52  Broadway,  N.  Y. 
City. 

Friedburg,  L.  H.,  292  Van  Buren  St.,  Brooklyn,  N.  Y. 

Frusher,  Tom,  87  Nassau  St.,  N.  Y.  City. 

Fudge,  Thomas,  43  W.  27th  St.,  Bayonne,  N.  J. 

Fuerst,  W.  F.,  2  Stone  St.,  N.  Y.  City. 

Gass,  James  K.,  717  Spruce  St.,  Philadelphia,  Pa. 

Goldsmith,  B.  B.,  19  E.  74th  St.,  N.  Y.  City. 

Gordon,  Frederick  T.,  Navy  Yard,  Philadelphia,  Pa. 

Harvey,  Edward  F.,  St.  Johns,  Newfoundland. 

Hopkins,  B.  Smith,  358  W.  ii8th  St.,  N.  Y.  City. 

Johnson,  Thomas  H.,  28  Hinchman  Ave.,  Dover,  N.  J. 

Krebs,  August  S.,  Wilmington,  Del. 

Lewis,  W.  B. ,  care  of  Sargent  Co. ,  Chicago  Heights,  111. 

von  der  Linde,  Harold  T.  G.,  loi  Tyndall  Ave.,  Toronto, 
Canada. 

Lyons,  Albert  B.,  72  Brainard  St.,  Detroit,  Mich. 

Mark,  Kenneth  L.,  109  Irving  St.,  Cambridge,  Mass. 

Mosesom,  Moses,  1813  Lexington  Ave,  N.  Y.  City. 
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DECEASED  MEMBERS. 

Dr.  John  A.  Myers,  of  New  York  City,  member  of  the  Society 
since  1893,  ^^^  April  8,  1901. 

Dr.  William  J.  Youmans,  of  New  York  City,  member  of  the 
Society  since  1876,  died  April  10,  1901. 

MEETINGS  OF  THE  SECTIONS. 

MICHIGAN  SECTION. 

The  Michigan  Section  met  in  the  convention  hall  of  the  Russell 
House,  Detroit,  on  Friday  evening,  April  26th,  at  eight  o'clock. 
About  sixty  members  and  visitors  were  in  attendance. 

The  following  papers  were  presented:  "Chemical  Architec- 
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ture,*'  by  Dr.  J.  M.  Francis  ;  "  Comparison  of  Methods  for  Di- 
rect Analysis  of  Beets/*  by  Mr.  David  L.  Davoll,  Jr.;  **  Triva- 
lent  Carbon/'  by  Dr.  M.  Gomberg. 

Previous  to  the  meeting  there  was  an  informal  dinner  at  the 
Russell  House,  with  twenty-six  present.  A  communication  from 
the  Michigan  Academy  of  Science  was  read,  proposing  an  aflBlia- 
tion  of  all  the  scientific  organizations  of  the  state.  The  president 
of  the  Section,  Professor  Freer,  was  appointed  to  represent  the 
Section  at  a  conference  of  societies  interested. 

AI.FRBD  H.  Whitr,  Secretary. 
CHICAGO  SECTION. 

The  thirty-eighth  meeting  of  the  Chicago  Section  was  held 
Monday  evening,  February  i8th,  at  the  Sherman  House. 

The  paper  of  the  evening  was  given  by  Prof.  C.  F.  Mabery, 
of  the  Case  School  of  Applied  Science,  Cleveland,  O. 

Prof.  Mabery  gave  a  very  intersting  talk  on  some  recent  work 
on  the  constituents  of  petroleum  and  the  general  condition  of  the 
oil  industry  at  the  present  day. 


Monday  evening,  February  25th,  Prof.  Ira  Remsen  was  the 
guest  of  the  Chicago  Section,  at  an  informal  dinner  at  the  Sher- 
man House. 

Prof.  Remsen  gave  a  talk,  after  the  dinner,  on  modem  chem- 
istry and  some  of  its  problems.  F.  B.  Dains.  Secretary. 

WASHINGTON  SECTION. 

The  125th  regular  meeting  of  the  Washington  Section  was  held 
March  14th.     The  following  papers  were  presented  : 

*' Notes  on  a  New  Indicator,*'  by  E.  G.  Runyan.  In  this 
paper  were  presented  results  on  the  determination  of  total  acidity 
in  both  white  and  colored  wines,  using  as  an  indicator  an  alco- 
holic solution  of  malachite  green  and  commercial  rosolic  acid  or 
corralin.  For  comparison,  results  obtained  on  the  same  samples 
with  phenolphthalein  and  litmus  were  also  presented.  The  data 
given  seemed  to  be  favorable  to  the  use  of  the  corralin-malachite 
indicator  in  titrating  wines  and  similar  colored  products. 

*  •  The  Action  of  Saccharin  on  Sugars  and  Other  Carbohy- 
drates,'* by  L.  M.  Tolman.  The  author  stated  that  saccharin  was 
being  sold  as  a  substitute  for  sugar,  and  that  it  was  sometimes 
found  mixed  with  cane-sugar.     The  best  method  of  determining 
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the  saccharin  present  is  the  Rdd  method,  by  which  the  saccha- 
rin is  hydrolyzed  to  the  add  ammonium  salt  of  sulphobenzoic 
add,  and  the  ammonia  determined  by  distillation.  The  benzol- 
sulphimide  was  found  to  be  a  strong  hydrolyzing  agent,  readily 
inverting  cane-sugar.  With  cane-sugar,  the  inversion  was  as 
complete  as  by  the  offidal  method,  and,  upon  heating  for  a  long 
time,  there  was  no  destruction  of  sugar.  Lactose  and  dextrin 
were  not  affected  by  the  sulphinide,  a  fact  that  may  be  used  in 
the  determination  of  cane-sugar  in  the  presence  of  milk-sugar  or 
dextrin,  or  both. 

*'The  Nature  and  Function  of  Soil  Solutions,"  by  F.  K. 
Cameron. 

**  Potassium  Permanganate  as  a  Chemical  Antidote,'*  by  V.  K. 
Chesnut.  After  a  critical  discussion  of  the  work  of  La  Cerda, 
Antal,  Schlagdenhauffen  and  Reeb,  Moor,  Wood,  and  others, 
who  applied  dilute  solutions  of  the  permanganate  as  an  antidote 
in  cases  of  human  poisoning  caused  by  snake  bites,  phosphorus, 
oxalic  and  hydrocyanic  adds,  coronillin,  morphin  and  various 
plant  alkaloids,  the  writer  gave  the  results  of  some  experiments 
made  with  the  salt  by  Dr.  E.  V.  Wilcox  and  himself  in  cases  of 
the  poisoning  of  sheep  from  eating  plants.  These  experiments 
were  made  in  Montana  where  hundreds  of  sheep  are  killed  by 
certain  poisonous  plants  every  year.  Preliminary  experiments 
indicate  that  i  per  cent,  solution  of  potassium  permanganate,  to 
which  I  per  cent,  of  aluminum  sulphate  is  added,  is  a  wholly 
satisfactory  antidote  for  poisoning  by  two  of  the  most  poisonous 
groups  of  plants  of  that  state,  the  spedes  of  death  camas, 
Zygadenus  spp.  and  the  larkspurs,  providing,  of  course,  that  it  be 
given  in  the  earlier  stages  of  the  poisoning.  The  aluminum  sul- 
phate was  added  because  of  the  greater  oxidizing  value  which  it 
confers  upon  the  permanganate.  The  use  of  the  mixed  salts  in 
cases  of  poisoning  by  other  plants  is  to  be  further  investigated. 

I^  S.  MUNSON,  Secretary. 
NEW  YORK  SECTION. 

The  regular  meeting  of  the  New  York  Section  of  the  American 
Chemical  Sodety  was  held  on  Friday  evening,  April  5th,  at  the 
the  Chemists'  Club,  108  West  Fifty-fifth  street,  and  ovfer  fifty 
members  were  present. 

The  following  papers  were  read:  '*The  Detection  of  Methyl 
Alcohol,''  byF.  A.  Sieker.      *'The  Synthesis  of  Alkyl  Ketodi- 
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hydroqtiinazolins  from  Anthranilic  Acid,"  by  A.  H.  Gotthelf. 
"Note  on  the  Determination  of  Moisture  in  Coal,*'  by  Durand 
Woodman.  '* Comparison  of  Methods  for  the  Electrolytic  Pre- 
cipitation of  Iron,"  by  E.  F.  Kern.  **The  Electrolytic  Precipi- 
tation of  Nickel  and  Cobalt  from  a  Double  Cyanide  Solution,"  by 
E.  P.  Kern. 

In  the  discussion  of  Mr.  Sieker's  paper,  Dr.  Ecdes  suggested 
that  for  a  method  of  detecting  methyl  alcohol  depending  on  the 
production  of  a  specific  odor,  he  thought  that  which  produced 
methyl  salicylate  was  to  be  preferred  as  more  characteristic  than 
the  one  described  producing  formaldehyde. 

Dr.  Woodman's  paper  was  an  effort  to  ascertain  more  clearly 
the  effect  of  oxidation  in  drying  samples  of  coal  according  to  the 
aa^epted  method  for  determination  of  moisture.  It  appeared  that 
the  apparent  loss  of  moisture  in  a  stream  of  dry  carbonic  add  gas, 
was  uniformly  less  than  when  the  coal  was  heated  in  contact  with 
the  air. 

This  would  appear  to  indicate  that  by  the  ordinary  method 
there  is  a  loss  by  oxidation  in  the  first  stages  of  heating,  before 
the  well-known  increase  of  weight  begins,  by  more  prolonged 
heating. 

The  paper  evoked  considerable  discussion  as  to  whether  the 
secondary  increase  of  weight  was  due  to  oxidation,  occlusion,  or 
some  change  not  yet  explained.  It  was  stated  that  further  work 
was  in  progress  with  a  view  to  clearing  up  some  of  these  points. 

Mr.  Kern  gave  a  very  full  and  valuable  exposition  of  the  elec- 
trolytic methods  for  precipitation  of  iron,  nickel,  and  cobalt. 

The  secretary  announced  that  the  ladies  of  the  Society  and 
their  friends,  as  well  as  the  wives  of  members  and  friends,  were 
expected  at  the  banquet  in  commemoration  of  the  twenty-fifth 
anniversary  of  the  founding  of  the  Society,  as  well  as  at  all  the 
meetings  to  be  held  in  conjunction  therewith. 

The  chairman  stated  that  responses  to  the  notices  of  the  cele- 
bration had  been  more  numerous  than  for  any  previous  meeting, 
and  a  large  attendance  was  anticipated. 

Du&AND  Woodman,  Secretary. 
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OBITUARY. 

PROFESSOR   RACHBL  LLOYD,  PH.D.,  ZURICH. 

Professor  Rachel  Lloyd  was  bom  at  Flushing,  Ohio,  January 
26,  1839.  She  died  at  Beverly,  N.  J.,  May  7,  1900.  She  was 
united  in  marriage  to  Mr.  Franklin  Lloyd,  chemist  with  Messrs. 
Powers  &  Weigh tman,  May  11,  1859.  After  the  death  of  her 
husband,  October  6,  1865,  she  spent  several  years  abroad  for  her 
health.  On  returning  home  she  was  forced,  by  loss  of  property,  to 
engage  in  teaching.  In  the  private  school  for  young  ladies  of 
Misses  Bonney  and  Delaye,  she  became  interested  in  science,  and 
in  1876  attended  the  summer  school  of  instruction  in  chemistry 
at  Harvard  University,  which  she  continued  to  attend  until  1884. 
As  she  extended  her  knowledge  of  chemistry  she  was  promoted 
from  one  position  to  another,  until  she  determined  to  devote  her 
energies  exclusively  to  chemistry.  On  finding  that  the  only 
obstacle  to  her  promotion  to  a  professorship  of  chemistry  was 
the  fact  that  she  had  never  received  a  degree,  she  resigned  a  good 
position  in  Louisville,  Ky.,  and  went  to  the  University  at  Zurich, 
Switzerland,  then  the  only  place  in  the  world  where  a  woman 
could  receive  the  doctorate  degree.  In  two  years  she  received 
the  degree  of  doctor  of  philosophy  with  honor,  and  soon  after- 
ward was  elected  professor  of  analytical  chemistry  in  the  Uni- 
versity of  Nebraska,  which  position  she  held  until  she  was  forced 
to  resign  on  account  of  failing  health. 

Dr.  Lloyd  possessed  remarkable  energy  and  force  of  character, 
combined  with  broad  culture  and  great  mental  ability.  To  natural 
refinement  and  a  sympathetic  nature  she  united  the  culture  of 
the  best  society  and  extended  foreign  travel.  These  quali- 
fications with  a  strong  and  attractive  personality*,  and  the  power 
of  making  personal  friends  of  students,  rendered  her  teaching 
very  effective.  In  an  address  to  the  students  of  the  University 
of  Nebraska  after  her  death,  on  the  value  of  her  service  to 
the  University,  Acting  Chancellor  Bessey  said:  "She  was  not 
only  an  eminent  chemist,  she  was  a  great  teacher,  and  more  than 
that,  she  was  the  beloved  advisor  and  counselor  of  students." 

Professor  Lloyd's  contributions  to  science  include  the  following 
publications,  with  C.  F.  Mabery  :  *'On  Diiodbromacrylic  and 
Chlorobromacrylic  JAcids  ;"    "On   Dibromiodacrylic  and  Chlor- 
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bromiodacrylic  Acids.*'  These  papers  were  published  in  the 
Proceedings  of  the  American  Academy  of  Arts  and  Sciences^  and  in 
the  American  Chemical  foumcd. 

Inaugural  dissertation  for  the  degree  of  doctor  of 
philosophy:  **  On  the  Conversion  of  Some  of  the  Homologues 
of  Benzol  Phenol  Into  Primary  and  Secondary  Amines.  This 
paper  was  published  in  the  Berichte,  33,  491,  and  in  University 
Studies^  University  of  Nebraska. 

Outside  of  her  eminent  work  as  a  teacher,  Dr.  Lloyd's  greatest 
work  at  Lincoln  was  in  laying  the  foundation  for  the  enormous 
development  of  the  beet-sugar  industry  in  the  state  of  Nebraska. 
While  in  Switzerland,  she  became  interested  in  the  cultivation  of 
the  sugar-beet,  and  seeing  the  great  possibilities  in  its  extension 
in  Nebraska,  she  started  and  directed  the  first  experimental  work. 
The  rapid  extension  of  this  industry  was  due  to  the  combined 
efforts  of  herself  and  Professor  Nicholson. 

While  it  is  an  incentive  to  the  best  endeavor  to  contemplate 
the  rich  fruitage  of  such  a  life,  there  is  a  feeling  of  sadness  that 
the  great  temptation  to  intense  effort  should  result  in  the  early 
death  of  so  many  eminent  workers. 

C.  p.  MABBB.Y. 


Itttted  with  May  Nnmber,  1901. 
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MEETINGS  OF  THE  SECTIONS. 

PHI1JLDEI.PHIA  SECTION. 

The  seventeenth  meeting  of  the  Philadelphia  Section  was 
called  to  order  in  the  Harrison  Laboratory,  University  of  Penn- 
sylvania, at  8.15  P.M.,  January  17,  1901.  Dr.  Jayne  was  in  the 
chair,  and  fifteen  members  and  visitors  were  present. 

The  minutes  of  the  previous  meeting  were  read  and  approved. 

Dr.  John  Marshall  presented  a  preliminary  note  on  the  action 
of  hydrogen  peroxide  in  cleansing  wounds  and  destro3ring  pus, 
in  which  he  showed  that  the  gas  given  off  was  not  carbon  dioxide, 
as  generally  supposed,  but  oxygen. 

A  general  discussion  of  the  inaccuracies  of  thermometers  and 
other  chemical  instruments  followed,  participated  in  by  Messrs. 
Ja3me,  Taggart,  Jones,  Torrey,  McMichael,  and  others. 

There  being  no  further  business,  the  meeting  adjourned  at  10 

P.M. 


The  eighteenth  meeting  was  called  to  order  in  the  Harrison 
Laboratory,  University  of  Pennsylvania,  at  8.15  p.m.,  February 
21,  1 90 1.  Dr.  Jayne  was  in  the  chair  and  thirty  members  and 
visitors  were  present. 

The  minutes  of  the  previous  meeting  were  read  and  approved. 

The  secretary  announced  the  lecture  of  Prof.  F.  W.  Clarke,  at 
the  Franklin  Institute,  and  that  the  members  would  receive  a 
notice. 

The  paper  of  the  evening  was  *  *  The  Manufacture  of  Var- 
nishes,** by  Prof.  A.  H.  Sabin,  of  New  York. 

The  paper  was  discussed  by  Drs.  Jayne,  Job,  and  others. 

There  being  no  further  business,  the  meeting  adjourned  at  10 

P.M.  

The  nineteenth  meeting  was  called  to  order  in  Harrison  Labora- 
tory, University  of  Pennsylvania,  at  8.15  p.m.,  March  21,  1901. 
Dr.  Jayne  was  in  the  chair,  and  twenty  members  and  visitors 
were  present. 

The  minutes  of  the  previous  meeting  were  read  and  approved. 

Dr.  Jayne  called  attention  to  the  fact  that  there  should  be  a 
committee  on  nominations. 

Dr.  Leffmann  moved  that  a  committee  of  three  be  appointed  to 
prepare  a  list  of  names  for  nomination,  to  be  presented  at  the 
April  meeting.     The  motion  was  seconded  and  carried. 
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The  paper  of  the  evening  was  **Some  Recent  Developments 
in  Synthetic  Indigo/'  by  J.  Merritt  Matthews. 

The  paper  was  discussed  by  Drs.  Jayne,  Leffmann,  and  others. 
There  being  no  further  business,  the  meeting  adjourned  at  9.45 

^•M.  F.  3.  DODGB,  Secretary. 

WASHINGTON  SECTION. 

The  126th  regular  meeting  was  held  April  11,  1901,  when  the 
following  program  was  presented  : 

*  *  A  New  Method  for  the  Estimation  of  Cane-sugar  in  Pres- 
ence of  Lactose,"  by  L.  M.  Tolman. 

Benzoic  sulphinide  was  used  as  the  hydrolyzing  agent,  because 
it  has  no  action  on  the  rotation  of  lactose,  even  after  heating  for 
several  hours,  while  a  solution  of  sucrose  is  completely  inverted 
in  thirty  minutes  by  use  of  0.5  gram  of  the  sulphinide.  The 
results  obtained  showed  that  it  was  a  satisfactory  and  accurate 
method. 

The  method  used  in  condensed  milk  was  as  follows  : 
Twice  the  normal  weight  of  the  milk  was  weighed  into  a  200 
cc.  flask  and  10  cc.  of  a  10  per  cent,  solution  of  citric  acid  added 
to  coagulate  the  casein.  The  liquor  was  then  filtered,  75  cc.  of 
the  filtrate  measured  into  a  100  cc.  flask,  0.5  gram  of  saccharin 
added  and  after  shaking,  in  order  to  break  up  the  lumps,  im- 
mersed in  a  boiling  water-bath  for  thirty  minutes.  Two  cc.  of 
acid  mercuric  nitrate  were  then  added,  the  solution  made  up  to 
volume,  filtered  and  polarized  at  as  near  20°  C.  as  possible.  The 
direct  reading  was  taken  in  the  ordinary  way  and  the  volume  of 
precipitate  corrected  for  by  double  dilution.  The  results  obtained 
were  very  satisfactory. 

'*  Classification  of  Alkali  Soils,**  by  Frank  K.  Cameron. 
The  views  presented   in   this  paper  may  be  summarized  as 
follows : 

(i)  A  classification  as  black  alkali  or  white  alkali,  depending 
upon  the  presence  or  absence  of  sodium  carbonate,  is  inadequate 
in  view  of  our  present  knowledge  of  alkali  phenomena.  A  more 
comprehensive  classification  is  desirable.  Such  a  classification 
appears  to  be  possible  on  chemical  grounds,  considering  alkali 
conditions  as  the  result  of  the  action  of  aqueous  solutions  of  cer- 
tain soluble  salts  upon  less  soluble  salts. 

(2)  The  action  of  sodium  chloride  solutions  upon  gypsum  is 
the  predominating  feature  in  certain  areas,  and  seems  to  be  well 
typified  by  the  conditions  in  the  valley  of  the  Pecos  in  New 
Mexico.  The  solubility  of  the  gypsum  is  apparently  much  in- 
creased by  the  presence  of  the  sodium  chloride,  due  to  the  for- 
mation of  the  soluble  salts,  sodium  sulphate  and  calcium  chloride. 
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In  such  an  area,  practically  the  only  salts  which  will  have  to  be 
considered  in  the  ground  solutions  are  sodium  chloride  and  sodium 
sulphate,  as  well  as  calcium  sulphate.  Calcium  chloride  is  some- 
times found  concentrated  to  a  considerable  extent,  but  usually  in 
localized  and  generally  small  spots.  Owing  to  its  keeping  the 
soil  of  these  spots  moister  and,  therefore,  darker  than  the  sur- 
rounding soils,  such  spots  are  locally  known  as  black  alkali  spots. 

(3)  The  action  of  solutions  of  sodium  chloride  upon  calcium 
carbonate  is  the  predominating  feature  of  some  areas.  The 
region  about  Fresno,  Cal.,  seems  to  furnish  a  good  illustration  of 
this  class.  As  a  result,  there  is  always  found  a  greater  or  less 
formation  of  sodium  carbonate,  the  soluble  and  very  noxious  com- 
ponent of  black  alkali,  and  the  very  soluble  calcium  chloride. 
Such  regions  are  generally  further  characterized  by  the  presence 
of  a  hard  pan  at  a  distance  of  a  few  feet  below  the  surface  and 
generally  parallel  to  it,  the  cementing  material  of  which  is  cal- 
cium carbonate.  In  such  areas  there  is  a  tendency  toward  an 
accumulation  of  the  soluble  carbonates  at  the  surf  ace  of  the  soil. 
Calcium  chloride  accumulations,  in  spots  of  comparatively  re- 
stricted area,  are  frequent  accompaniments,  and  are  often  mis- 
taken for  bad  black  alkali  spots,  although  the  presence  of  soluble 
carbonates  in  more  than  very  small  quantities  is  an  impossibility. 

(4)  The  class  of  alkali  most  commonly  encountered  is  that  in 
which  the  predominating  feature  is  the  simultaneous  action  of 
solutions  of  sodium  chloride  upon  gypsum  and  calcium  carbonate. 
In  such  an  area,  the  formation  of  soluble  carbonates  can  take  place 
to  only  a  very  limited,  generally  negligible,  extent.  The  apparent 
increase  in  the  solubility  of  the  gypsum  is  also  much  less  than 
when  the  calcium  carbonate  is  not  present.  The  alkali  of  the 
Salt  Lake  Valley  appears  to  be  a  good  illustration  of  this  type. 

(5)  Much  less  frequently  other  types  of  alkali  are  encountered, 
as  at  Billings,  Mont.,  where  the  soluble  material  in  the  soils 
appears  to  be  almost  entirely  sulphates. 

(6)  Modifications  of  the  types  described  above  are  more  or 
less  frequently  found.  They  may  possibly  be  of  such  importance 
as  to  warrant  a  separate  classification,  as,  for  example,  the  con- 
ditions found  to  exist  in  the  valley  of  the  Sevier,  Utah. 

(7)  The  classification  here  proposed  is  believed  to  be  com- 
prehensive and  is  founded  on  scientific  principles.  It  is  elastic 
and  will  readily  admit  of  modifications.  Principles  other  than 
those  now  recognized  in  it  may  be  introduced  without  the  accom- 
paniment of  radical  changes.  It  can  be  made  as  specific  as  the 
advance  of  our  knowledge  from  time  to  time  will  justify. 

*'  Chemical  Examination  of  Alkali  Soils,''  by  Atherton  Seidell. 

In  this  paper  the  author  pointed  out  the  necessity  for  uniform 
methods  in  the  examination  of  the  water-soluble  compounds  of 
alkali  soils,  in  order  that  the  work  of  various  investigators  may 


(93) 

be  compared.  A  description  of  the  procedure  and  methods  in 
use  in  the  U.  S.  Department  of  Agriculture  was  given,  with  a  full 
discussion  of  the  basis  therefor.  The  unique  features  are  the 
preparation  of  the  solution  for  analysis,  the  preliminary  deter- 
mination of  the  salt  content  by  means  of  the  electrolytic  bridge, 
and  the  determination  of  carbonates,  bicarbonates,  and  chlorides. 
The  statement  of  the  results  was  also  discussed  at  length. 


An  adjourned  meeting  was  held  in  Hopkins  Hall,  Johns 
Hopkins  University,  Baltimore,  Md.,  on  April  27th,  when  the 
following  program  was  presented  : 

*  *  The  Lowering  of  the  Freezing- Point  of  Aqueous  Hydrogen 

Dioxide,*'  by  H.  C.  Jones. 

The  author  stated  that  an  attempt  was  made  to  measure  the 
dissociating  power  of  hydrogen  dioxide  by  means  of  the  con- 
ductivity method.  This  method  was  abandoned  since  all  the 
metals  used  as  electrodes  decomposed  the  dioxides,  even  at  zero 
degrees.  The  lowering  of  the  freezing-point  of  aqueous  hydro- 
gen dioxide  by  certain  salts  was  measured  and  was  found  to  be 
less  than  the  lowering  of  the  freezing-point  of  water  under  the 
same  conditions. 

"The  Preparation  of  Semipermeable  Membranes  for  the 
Demonstration  of  Osmotic  Pressure,"  by  Prof.  H.  N.  Morse. 

The  author  referred  to  the  difficulties  encountered  in  the  prep- 
aration of  osmotic  cells  by  the  method  of  PfefFer  and  stated  the 
results  of  some  preliminary  experiments,  undertaken  in  co 
operation  with  Dr.  D.  W.  Horn,  in  attempting  to  overcome  these 
difficulties.  Instead  of  expelling  the  air  from  the  walls  of  the 
cups  by  immersion  in  water  and  exhaustion  with  an  air-pump,  as 
is  done  in  the  method  of  Pfeffer,  electrical  endosmose  was  em- 
ployed, the  cup  being  immersed  nearly  to  the  top  and  filled  with 
a  dilute  solution  of  potassium  sulphate,  then  surrounded  by  a 
cylindrical  electrode  and  another  one  placed  inside.  A  one- 
ampere  current  was  passed  through  the  solution  for  fifteen 
minutes,  from  the  outer  to  the  inner  electrode,  causing  a  rapid 
passage  of  liquid  through  the  walls  of  the  cup  and  freeing  them 
from  air.  The  cup  was  then  removed,  emptied,  rinsed  and 
placed  in  water  until  used  for  the  formation  of  membrane.  The 
method  described  by  the  author  was  as  follows : 

A  cup  whose  walls  had  been  freed  from  air  and  filled  with 
water  was  placed  in  a  solution  of  a  copper  salt  and  filled  with 
a  solution  of  ferrocyanide.  A  current  was  passed  from  the  out- 
side inward,  the  copper  and  ferrocyanogen  ions  being  driven  into 
the  walls  from  opposite  directions;  a  membrane  was  built  up 
w^herever  they  met.  The  results  were  very  satisfactory.  The 
method  of  construction  of  the  electrodes  was  described,  and  the 
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resistance  of  the  cups  stated.  On  breaking  the  cup,  the  mem- 
brane was  found  as  a  reddish  brown  line,  usually  in  the  middle 
of  the  wall,  though  deviating  more  or  less  to  one  side  or  the  other. 

"  Molecular  Rearrangement  of  Sulphamine  Acids,'*  by  Dr.  Ira 
Remsen. 

"  On  a  Reduction  Process  for  Tin  at  Comparatively  Low 
Temperatures,  and  Recovery  from  Waste  Products,"  by  Chas. 
Glaser. 

This  paper  gave  a  description  of  a  process  patented  by  John  C. 
Toliaferro  for  the  recovery  of  tin  from  waste  products.  The 
refuse  from  tin-plate  works  consists  of  the  remnants  of  the  fatty 
acids  used  to  protect  the  black  plates  from  reoxidation  after  clean- 
ing with  acid,  and  more  or  less  oxidized  tin,  which  often  contains 
some  free  metal  or  mixed  oxides  of  tin  and  lead.  The  refuse 
from  the  oils  often  contains  oxides  of  the  two  metals,  which  are 
usually  recovered  by  burning  oflF  the  oil  and  collecting  the  resi- 
due and  metallic  fumes.  The  united  dross  is  reduced  to  metal 
in  a  suitable  furnace.  Mr.  Toliaferro  observed  that  under  certain 
conditions  he  obtained  metallic  tin  from  the  refuse  fatty  acids  by 
heating  them  to  incipient  decomposition.  Certain  experiments 
were  made,  showing  that  at  a  temperature  a  little  above  the  melt- 
ing-point of  tin,  stannous  soaps  are  reduced  to  metallic  tin, 
gaseous  products,  and  some  carbon.  From  these  observations, 
the  following  reduction  process  was  evolved : 

A  large  iron  pot  is  heated  from  below,  so  that  a  piece  of  tin 
dropped  at  the  bottom  will  melt.  The  pot  is  then  filled  with 
refuse  fatty  acids  and  the  heat  increased  until  they  commence  to 
give  off  vapors.  Stannic  dross  is  then  introduced  with  stirring. 
This  may  be  continued  at  pleasure,  or  until  the  fatty  add  is 
almost  used  up.  The  reduced  tin  is  removed  at  convenient  in- 
tervals. 

**0n  Dr.  Theodore  Meyer's  Tangent  System  of  Sulphuric 
Acid  Chambers,"  by  Chas.  Glaser. 

The  author  described  a  modification  of  the  construction  and 
working  of  lead  chambers  used  in  the  manufacture  of  sulphuric 
acid.  The  modification  relates  to  the  shape  of  the  chambers  and 
the  motion  of  the  gases.  Ordinarily  the  chambers  are  square 
and  the  gases  introduced  in  such  a  way  that  they  traverse  the 
chambers  but  once,  get  only  moderate  mixing,  except  where  they 
fall  upon  the  chamber  curtains  and  where  they  are  forced  through 
relatively  narrow  connecting  pipes  between  chambers.  In  the 
modification  described,  the  chambers  are  round  or  polygonal,  the 
gases  are  introduced  near  the  ceiling  in  the  direction  of  a  tangent 
and  are  removed  through  the  center  of  the  bottom  by  suitably 
constructed  pipes.     Experiments  show  that  the  gases  move  first 
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along  the  sides  of  the  chamber,  drifting  towards  the  center  in 
such  a  way  that  the  whole  content  gets  into  rotation.  Cooling 
and  draught  bring  the  whirpool  in  the  center  to  the  exit  pipe. 
When  introduced  into  the  second  chamber  the  gases  retain  the 
revolving  motion  derived  from  the  first  to  which  is  added  the 
motion  of  the  second  so  that  an  epicycloid  motion  is  produced. 
The  gases  traverse  the  chambers  a  good  many  times,  increasing 
largely  the  amount  of  work  performed.  It  has  been  demon- 
strated that  by  this  method  the  necessary  chamber  space  for  one 
pound  of  sulphur  in  twenty-foui  hours  is  reduced  to  below  lo 
cubic  feet  as  against  20  in  the  old  system.  The  author  stated 
that  the  cost  of  producing  sulphuric  add,  so  far  as  labor  and  lead 
chambers  are  concerned,  is  reduced  to  50  per  cent,  of  what  it  was 
by  the  old  method. 

"  The  Solubility  of  Gypsum  in  Aqueous  Solution  of  Certain 
Electrolytes,"  by  Frank  K.  Cameron  and  Atherton  Seidell. 

This  paper  gave  a  description  of  the  complete  solubility  curves 
for  gypsum  in  aqueous  solutions  of  sodium  chloride,  magnesium 
chloride,  calcium  chloride,  sodium  sulphate  and  a  mixture  of 
sodium  chloride  and  calcium  h3'drogen  carbonate  at  25°  C.  With 
sodium  chloride  and  magnesium  chloride  the  curves  show  maxi- 
mum points.  The  formation  of  complex  ions,  the  authors 
believe  to  be  possible  and  probable,  but  the  deviations  from  the 
mass  law  are  more  likely  to  be  due  to  a  condensation  of  the  sol- 
vent itself. 

With  sodium  sulphate  it  was  shown  that  the  solubility  of  the 
gypsum  first  decreased  and  then  increased,  with  increasing  con- 
centration of  the  more  soluble  salt,  until  it  became  greater 
than  in  pure  water.  It  is  believed  that  a  double  salt  was  formed 
in  the  solutions,  possibly  identical  with  the  mineral  glauberite. 
It  did  not  separate  from  the  solutions  on  evaporation,  however, 
at  ordinary  temperatures.  Here  again  the  authors  think  the  con- 
densation of  the  solvent  probably  plays  an  important  r61e  and, 
under  such  circumstances,  it  is  probable  that  the  sodium  sulphate 
dissociates  to  a  large  extent  or  completely  as  a  di-ionic  electro- 
lyte. The  composition  of  the  solid  phase,  containing  both  cal- 
cium sulphate  and  sodium  sulphate,  did  not  apparently  affect  the 
composition  of  the  solution  in  contact  with  it.  This  is  regarded 
as  of  sufficient  interest  to  merit  further  investigation.  In  solu- 
tions of  calcium  chloride  the  solubility  of  the  gypsum  decreases 
quite  rapidly  at  first  and  then  very  slowly  but  steadily  as  the 
concentration  of  the  more  soluble  salt  increases. 

When  calcium  carbonate  in  the  solid  phase  was  also  in  con- 
tact with  solutions  of  sodium  chloride,  and  was  brought  to 
equilibrium  with  ordinary  air,  it  was  found  that  up  to  the  con- 
centrations of  about  80  grams  per  liter  of  sodium  chloride,  the 
gypsum  dissolved  in  very  nearly  the  same  quantities  as  though 
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the  calcium  carbonate  were  not  present.  From  this  point  on, 
however,  the  curve  makes  a  sudden  drop,  and  then  the  solubility 
of  the'gypsum  slowly  decreases. 

Applications  of  the  results  to  geological  and  technical  studies 
were  indicated,  and  a  theoretical  discussion  accompanied  the 
description  of  the  experiments. 

**  The  Solubility  of  Calcium  Carbonate  in  Aqueous  Solutions  of 
Certain  Electrolytes  and  in  Equilibrium  with  Air,"  by  Frank  K. 
Cameron  and  Atherton  Seidell. 

Since  the  solubility  of  the  calcium  carbonate  is  dependent  upon 
the  amount  of  carbon  dioxide  in  the  gas  phase  in  contact  with 
the  solution,  the  solutions  were  brought  to  equilibrium  with  air, 
previously  washed  in  dilute  sulphuric  acid,  and  bubbled  through 
the  solutions  by  means  of  an  aspirator.  It  was  found  that  the 
curve  for  sodium  chloride  presented  a  well-marked  maximum 
point.  No  normal  carbonates  were  in  the  solution,  the  calcium 
dissolving  entirely  as  the  hydrogen  carbonate. 

In  sodium  sulphate  solutions,  the  major  part  of  the  calcium 
dissolved  as  the  hydrogen  carbonate,  though  at  the  higher  con- 
centrations normal  carbonates  were  also  found.  The  curve  for 
this  pair  of  electrolytes  showed  no  maximum  point.  Curiously, 
it  was  found  that  calcium  carbonate  was  much  more  soluble  in 
solutions  of  sodium  sulphate  than  in  solutions  of  sodium  chloride 
at  all  concentrations. 

The  presence  of  solid  gypsum  was  found  to  produce  an  effect 
on  the  solubility  of  calcium  carbonate  in  sodium  chloride  solu- 
tions, greater  in  amount,  but  similar  in  nature  to  that  produced 
by  calcium  carbonate  on  the  solubility  of  the  gypsum  in  sodium 
chloride  solutions,  and  described  in  the  preceding  paper.  Prac- 
tical applications  of  the  work  were  pointed  out,  and  a  theoretical 
discussion  of  the  results  obtained  was  given. 

L.  S.  MUMSOir,  Secretary. 
CHICAGO  SECTION. 

A  meeting  of  the  Chicago  Section  was  held  at  the  Sherman 
House,  Wednesday  evening,  April  lo,  1901. 

After  the  usual  dinner,  Dr.  Jacques  Loeb,  of  the  University 
of  Chicago,  gave  a  paper  on  the  ''Physiological  Action  of  the 
Ions.'*  This  dealt  chiefly  with  the  effect  of  certain  salts, 
especially  those  of  calcium  and  potassium  on  the  fertilization  of 
sea-urchin  eggs. 

F.  B.  Dains,  Secretary. 
NORTH   CAROLINA    SBCTION. 

The  regular  meeting  of  the  North  Carolina  Section  of  the 
American  Chemical  Society  was  held  in  the  State  Chemist's 
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office,  Agricultural  Building,  Raleigh,  on  April  27,    1901,   at  11 

A.M.,  with  Prof.  Kilgore  in  the  chair.     Twenty-seven  members 

and  visitors  were  present. 

The  annual  election  of  officers  for  the  ensuing  year  were : 
W.  A.  Withers,  President ;  W.  J.  Martin,  Jr.,  Vice-President ; 

C.    B.    Williams,     Secretary-Treasurer ;     Charles    Baskerville, 

Representative  in   Council  of  the  American  Chemical  Society; 

Executive  Committee,  W.  A.  Withers,  W.  J.  Martin,  Jr.,  and 

C.  B.  Williams. 

The  following  program  was  presented  and  discussed : 

**  Basis  of  Scientific  Thought,'*  by  Charles  Baskerville. 

*'  The  Chemical  Composition  of  Cotton-Seed  Meal,"  by  W.  A. 

Withers  and  G.  S.  Fraps. 

The  authors  found  that  the  average  amount  of  betain  and 
cholin  in  seven  samples  of  cottonseed  meal  was  0.28  per  cent., 
the  ratios  being  (the  average  of  two  samples)  betain :  cholin : : 
78.5:21.5. 

Gossypein,  if  present,  is  in  minute  quantity.  Of  the  nitrogen- 
free  extract,  29.2  is  pentosans,  and  47.4  per  cent,  raffinose.  The 
pentosans  of  the  meal  were  found  to  be  insoluble  in  diastase,  and 
were  contained  entirely  in  the  nitrogen-free  extract,  unless  an 
unusually  large  amount  of  hulls  was  present. 

Cottonseed  meal  contains  no  starch,  and  inappreciable  quan- 
tities of  sucrose  and  of  reducing  sugars.  The  average  of  five 
samples  gave  organic  acids  0.48  per  cent. 

**  The  Recent  Advances  in  Physiological  Chemistry,"  by  A.  S. 
Wheeler. 

*'  Alcohol  as  An  Antidote  for  Carbolic  Acid,"  by  E.  V.  Howell. 

( I )  In  this  paper  attention  was  called  to  the  fact  that  experi- 
ments upon  the  author,  beginning  early  in  1899,  show  that 
alcohol  removes  the  escharotic  effect  of  carbolic  acid  on  the  arm 
and  in  the  mouth. 

(3)  That  on  account  of  the  alarming  increase  in  its  use  for 
suicidal  purposes,  and  the  large  number  of  accidents  because  of 
its  general  use  as  a  disinfectant,  carbolic  acid  should  be  scheduled 
as  a  poison  in  the  poison  laws  of  the  various  states  and  its  sale 
restricted. 

(3)  That  alcohol  is  on  record  as  an  antidote  and  the  results 
•demand  a  thorough  investigation.  It  must  act  most  probably  in 
one  of  three  ways:  {a)  As  a  simple  addition  to  counteracting 
the  escharotic  effect ;  (^)  as  a  chemical  antidote,  forming  an  in- 
active or  less  active  compound  ;  (d*)  as  a  physiological  antago- 
nistic, its  stimulating  effect  combatting  the  depressant  effect  of  the 
phenol. 
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In  investigations  being  carried  on,  so  far  no  chemical  reaction 
between  carbolic  acid  and  alcohol,  or  carbolic  acid  and  camphor 
(which  also  removes  the  escharotic  efiPect)  has  been  observed. 

**The  Presence  and  Detection  of  Arsenic  in  Beer,"  by  W. 

Grimes  Haywood. 

This  paper  was  a  review  of  the  recent  cases  of  poisoning  in 
England,  due  to  the  presence  of  arsenic  in  beer,  and  a  comparison 
of  the  methods  for  the  determination  of  that  element. 

*' A  New  Meteoric  Iron  from  Davidson  County,  North  Caro-^ 

lina,"  by  Joseph  Hyde  Pratt. 

This  iron  was  found  on  a  hillside,  rising  just  east  of  Lexington— 
Troy  road,  about  half  mile  south  of  Cid  P.  O.,  Davidson  County. 
The  iron  originally  weighed  13  pounds,  14  ounces,  and  was  some- 
what oblong  in  shape,  and  its  surface  is  more  or  less  pitted. 
Testing  the  polished  surface  failed  to  reveal  either  the  Widemann- 
stattian  figures  or  the  Neumann  lines  ;  but  the  etched  surface 
presents  a  granular  or  stippled  appestrance  overlain  with  a  net- 
work of  fine  lines,  and  the  fractured  surface  shows  traces  of  what 
is  apparently  an  octahedral  cleavage.  This  etched  surface,  while 
being  different  from  other  meteorites,  is  also  diflFerent  from  any 
of  the  manufactured  irons  that  have  been  tested. 

An  analysis  by  Dr.  Baskerville  gave :  Iron,  93.89  ;  manganese^ 
0.92  ;  nickel,  0.30;  cobalt,  0.34  ;  silicon,  0.62  ;  carbon,  3.88  ;  but 
sulphur,  phosphorus,  titanium,  aluminum,  and  copper  were 
absent.  Dr.  Pratt  claims  that  the  presence  of  nickel  and  cobalt 
and  the  absence  of  sulphur,  phosphorus,  etc.,  together  with  its 
structure  and  more  or  less  isqjated  country  in  which  it  was  found, 
lead  to  the  belief  that  this  iron  is  of  meteoric  origin.  The  name 
proposed  for  it  is  the  Cid  Iron. 

'*Ulsch~Street  Method  Modified  to  Include  Organic  Nitrogen 

in  Samples  Containing  Nitrates  and  Chlorides,"  by  W.  M.  Allen. 

The  author  recommends  the  following : 

Place  0.7  gram  sample  in  a  250  cc.  Kjeldahl  digesting  flask. 
Add  about  i  gram  of  reduced  iron,  30  cc.  water,  and  10  cc.  dilute 
sulphuric  acid  (i  to  i).  Shake  well  and  let  stand  fifteen  or 
twenty  minutes.  Heat  slowly  so  that  solution  will  boil  gently 
for  ten  or  fifteen  tninutes,  then  briskly  until  two-thirds  of  water 
has  boiled  oflF.  Cool  slightly,  add  25  cc.  sulphuric  acid  and  0.7 
gram  mercuric  oxide.  Digest  and  distil  as  in  the  Kjeldahl  method. 
In  samples  of  pure  nitrate,  add  0.5  gram  of  ferric  chloride  to  the 
water  to  dissolve  first  nitric  oxide  set  free,  and  digest  only  for  the 
nitric  nitrogen.  The  presence  of  a  large  amount  of  iron  salts  must 
be  guarded  against,  or  else  violent  bumping  will  give  trouble  in 
distillation. 

**  The  Nature  of  Pentosoids  and  Their  Determination,"  by  G. 
S.  Fraps. 
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The  author  divides  pentosoids  into  water-soluble,  acid-soluble, 
soluble  in  cold  caustic  soda  solution  (''  wood  gum")  and  diffi- 
cultly soluble.  Members  of  the  first  three  classes  have  been 
hydrolyzed  to  pentose,  and  are  called  pentosans.  The  last  dads 
includes  lignocelluloses,  oxycelluloses,  etc. ,  and  have  not  been 
hydrolyzed  to  pentoses.  The  crude  furfural  from  vegetable 
materials  obtained  in  the  pentosan  determination  was  found  to 
contain  abody  which  is  precipitated  by  phloroglucinol  and  destroyed 
by  distillation  with  hydrochloric  acid.  Its  occurrence,  distri- 
bution, and  digestibility  were  discussed  as  well  as  the  effect  of  its 
presence  on  the  pentosan  determination. 

"An  Automatic  Filter- Washer,"  by  J.  M.  Pickel. 

This  apparatus  consists  of  (i)  a  reservoir  for  water  with  which 
to  wash  ;  (2)  a  rubber  tube,  provided  with  thumb-screw  clamps, 
leading  from  the  reservoir  to  the  (3)  delivery  vessel  which,  by 
means  of  a  small  siphon,  delivers  the  water  intermittently  on  the 
filter ;  (4)  a  funnel  containing  the  filter,  and  set  in  this  funnel,  a 
smaller  inverted  funnel ;  (5)  means  for  disposing  of  the  washings. 
When  once  set  going  the  apparatus  needs  no  further  attention, 
and  is  especially  applicable  in  determining  water-soluble  nitrogen 
in  fertilizers  and  also  water-soluble  phosphoric  acid  (although 
not  yet  in  use  for  this  latter  purpose). 

'*  Note  on  the  Latent  Heat  of  Vaporization  of  Liquids,"  by  J. 
E.  Mills. 

"  Note  on  the  Determination  of  Insoluble  Phosphoric  Acid," 

by  C.  D.  Harris. 

Mr.  Harris  exhibited  an  arrangement  which  had  proved,  in  his 
hands,  very  satisfactory  in  filtering  and  washing  citrate- insoluble 
phosphoric  acid.  He  substitutes  a  carbon  filter,  in  the  bottom  of 
which  is  a  porcelain  disk  covered  with  asbestos  for  the  slow  and 
hazardous  method  of  using  a  funnel  and  hardened  filter-paper. 

**  Contribution  to  the  Chemistry  of  Thorium  ;  Evidence  Point- 
ing to  the  Existence  of  a  New  Element,  *  Carolinium,' "  by 
Chas.  Baskerville. 

The  author  has  obtained  thorium  salts  from  five  different 
sources  and  purified  them.  By  the  action  of  sulphur  dioxide  on 
the  neutral  chlorides  and  by  fractioning  the  citrates,  oxides  are 
eventually  obtained  which  indicate  the  complexity  of  thorium. 
The  pure  oxide  has  a  specific  gravity  of  9.8  according  to  some 
authorities  and  10.2  according  to  others.  The  purified  oxide 
mentioned  had  a  specific  gravity  of  10.  i  ;  after  fractioning,  one 
had  a  specific  gravity  of  9.4  and  the  other  10.57;  intermediate 
fractions  gave  9.6  and  10.4.  Although  atomic  weight  determin- 
ations have  not  been  made,  there  is  much  evidence  in  favor  of  the 
existence  of  a  new  element,  which  the  author  would  name 
**  Carolinium." 
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To  avoid  criticism  the  author  stated  his  excuse  for  presenting 
the  paper  before  the  work  was  completed.  Having  made  these 
observations  quite  four  years  ago,  in  the  interim  he  has  been 
engaged  in  securing  direct  from  monazite  sufficient  quantity  of 
pure  thorium  salts.  Five  thousand  liters  of  solution  have  been 
worked  up.  The  author's  supply  of  the  element  has  been  much 
augment^  through  the  kindness  of  Dr.  Waldron  Shapldgh,  of 
the  Welsbach  Light  Company,  who  presented  him  with  two  kilo- 
grams of  his  purest  thorium  oxalate.  Last  fall  the  author  wrote 
Professor  Bohnslar  Brauner,  of  Prague,  who  had  made  the  most 
recent  atomic  weight  determinations  of  thorium  about  his 
experiments.  Not  hearing  from  Dr.  Brauner,  the  author  was 
surprised  to  see  in  the  Proceedings  of  the  London  Chemical  Society, 
April  lo,  1 90 1,  an  article  on  **  Contributions  to  the  Chemistry  of 
Thorium,**  by- Dr.  Brauner.  in  which  he  states  that  he  had 
fractioned  thorium  by  hydrolysis  of  the  oxalate  into  two  bodies 
which  he  termed  Tha  and  Th/^.  Brauner's  work,  as  reported,  was 
by  no  means  complete.  While  the  author  insists  that  he  holds 
the  very  highest  opinion  of  Professor  Brauner,  and  while  neither 
his  work  nor  the  motives  prompting  Professor  Brauner  in  making 
this  preliminary  publication  are  called  into  question,  in  justice  of 
the  author's  work  along  these  lines,  it  was  not  deemed  unscien- 
tific to  present  the  results  of  incomplete  observations. 

**  The  Systematic  Investigation  of  Soils,"  by  B.  W.  Kilgore. 

After   the   transaction  of    some    miscellaneous  business,  the 

Section  adjourned  to  meet  in  the  summer. 

C.  B.  WXI.X.IAM8,  Secretary. 


Issued  with  June  Number,  1901. 
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von  der  Linde,  Harold  T.  G.,  loi  T3nidall  Ave.,  Toronto, 
Canada. 

Wirth,  Adam,  1004  Aline  St.,  New  Orleans,  La. 

ASSOCIATES  ELECTED  JUNE  6,  I90I. 

Marsh,  L.  Stanley,  Ann  Arbor,  Mich. 
Saxe,  Sigmond,  108  Fulton  St.,  N.  Y.  City. 
Silverman,  Alexander,  Western  Univ.,  Allegheny,  Pa. 

CHANGES  OP  ADDRESS. 

Archibald,  E.  H.,  Harmony,  Colchester  Co.,  N.  S. 
Bizzell,  J.  A.,  Dunn,  N.  C. 


(I02) 

Gary,  Edward  A.,  66  Clinton  Ave.,  Montclair,  N.  J. 

Cushman,  Allerton  S.,  Pomfret  Centre,  Conn. 

Davis,  R.  O.  E. .  Chester.  S.  C. 

Fowler,  R.  E.,  Wauwatosa,  Wis. 

Gascoyne,  W.  J.,  23  South  St..  Baltimore,  Md. 

Grayson,  William,  Jr.,  11 15  South  Grand  Ave.,  St.  Louis,  Mo. 

Heileman,  W.  H.,  El  well,  Iowa. 

Kendall,  Arthur  J.,  Expt.  Station,  Lawrence,  Mass. 

Logan,  Miss  Lily,  Howardsville,  Va. 

Nichols,  W.  H.,  Broad-Exchange  Bldg.,  25  Broad  St.,  N.  Y. 
City.     . 

Reese,  Herbert  J.,  Livingston,  Mont. 

Reid,  E.  Emmet,  Baylor  Univ.,  Waco,  Texas. 

Root,  Wm.  L.,  II  Church  St.,  Pittsfield,  Mass. 

Voorhees,  S.  S.,  care  Supt.  Architect,  Treasury  Dept.,  Wash- 
ington, D.  C. 

Vreeland,  C.  D.,  Upper  Montclair,  N.  J. 

Weston,  David  B.,  Sharon,  Mass. 

Wolfe,  J.  v.,  Jr.,  Alma,  Mich. 

Youtz,  L.  A.,  Middlefield,  Mass. 

MEETINGS  OF  THE  SECTIONS. 

NEW  YORK  SECTION. 

The  May  meeting  of  the  New  York  Section  was  held  at  the 
Chemists'  Club,  May  loth;  it  was  called  to  order  at  8.20,  p.m., 55 
members  present  and  Dr.  C.  A.  Doremus  presiding.  The  minutes 
of  the  previous  meeting  were  omitted,  owing  to  the  absence  of 
the  secretary. 

The  reading  of  papers  was  in  the  following  order:  "The 
Quantitative  Determination  of  Cadmium,"  by  E.  H.  Miller  and 
R.  W.  Page  ;  *  *  On  the  Relation  of  the  Chemical  Constitution  to 
the  Physiological  Action  of  Certain  Modern  Anesthetics,"  by 
W.  E.  Dreyfus  ;  **  Alloys  of  Titanium  and  Titanium  Steel,"  by 
A.  J.  Rossi  ;  **  The  Chemical  Nature  of  the  Enzymes,"  by  P.  A. 
Levene  (read  by  Dr.  S.  Bookman)  ;  **Note  on  Nucleic  Acid,"  by 
P.  A.  Levene  (read  by  Dr.  S.  Bookman)  ;  '*  Analysis  of  Garden 
Sage,  with  Notes  on  the  Determination  of  Essential  Oils,"  by 
L.  L.  Watters. 

Each  of  the  papers  received  some  discussion. 

A  communication  was  read  from  Mr.  Clifford  Richardson,  chair- 
man of  the  New  York  Section  of  the  Society  of  Chemical  Industry, 
relative  to  the  appointment  by  that  body  of  a  committee  to  secure 
**  Uniformity  in  Technical  Analysis,"   and  stating  that  a  sub- 
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committee  had  been  appointed  to  investigate  the  subject  of  the 
analysis  of  Portland  cement ;  also,  that  work  on  this  line  had 
already  been  entered  into,  and  that  members  of  the  New  York 
Section  were  invited  to  cooperate. 

Prof.  Bogert  moved  that  the  New  York  Section  bring  this 
action  of  the  New  York  Section  of  the  Society  of  Chemical  In- 
dustry to  the  attention  of  the  council  and  recommend  tjiat  a 
committee  be  appointed  to  cooperate  with  the  committee  from 
the  Society  of  Chemical  Industry.  The  motion  was  duly  sec- 
onded and  carried. 

Prof.  Bogert  moved  that  hereafter  the  chairman  of  the  New 
York  Section  be  returned  as  a  local  delegate  to  the  council  of  the 
Society,  provided  he  be  not  already  a  member  of  the  council  as 
delegate  at  large.     The  motion  was  seconded  and  carried. 

The  chairman  announced  that  the  June  meeting  would  be  one 
for  the  election  of  officers.     The  meeting  adjourned  at  lo  p.m. 

(From  record  by  the  chairman, ) 

DuRAND  Woodman,  Secretary. 

The  June  meeting  of  the  section  was  held  on  Friday  evening, 
June  7,  1901,  at  the  Chemists'  Club,  108  West  55th  Street.  Dr. 
Charles  A.  Doremus  occupied  the  chair,  and  about  50  members 
were  present. 

The  minutes  of  the  April  meeting  were  called  for,  read  and  ac- 
cepted.   The  minutes  of  the  May  meeting  were  read  and  accepted. 

The  secretary's  report  stated  that  the  nine  regular  meetings 
had  been  held^  at  which  twenty-nine  papers  had  been  read.  No 
special  meetings  had  been  called. 

Ninety  members  had  been  elected  ;  eighteen  have  moved  out 
of  the  section  limits ;  eight  have  resigned  ;  death  has  removed 
seven.     The  net  increase  in  membership  is,  therefore,  57. 

The  treasurer's  report  showed  the  total  expense  for  the  year  as 
a  little  over  $400.00.  Checks  amounting  to  $350.00  had  been 
received  from  the  treasurer  of  the  general  society,  and  bills 
amounting  to  a  little  over  $50  are  due  and  unpaid. 

A.  P.  Hallock  and  C.  F.  McKenna  were  appointed  auditors  of 
the  treasurer's  account. 

The  election  of  officers  was  then  proceeded  with  as  follows : 
Chairman,  M.  Taylor  Bogert  was  unanimously  elected  ;  Vice- 
Chairman,     Durand    Woodman ;   Secretary-Treasurer,     Messrs. 
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Mcllhiney  and  Mathews,  being  nominated  for  the  positiom  of 
secretary-treasurer,  a  vote  resulted  in  the  election  of  J.  A. 
Mathews  by  twenty-four  to  nine ;  Executive  Committee,  P.  C. 
Mcllhiney  (Columbia),  Prof.  E.  H.  Miller  (Columbia).  T.  C. 
Steams  (Jersey  City);  Delegates  to  the  Scientific  Alliance,  Wm. 
McMurtrie,  Prof.  Marston  T.  Bogert,  H.  C.  Sherman(Columbia 
University). 

In  accordance  with  the  by-laws,  the  newly  elected  chairman 
and  secretary  were  invited  to  at  once  assume  their  duties,  each, 
however,  declining  in  turn,  and  requesting  that  the  presiding 
officers  continue  their  services  until  the  close  of  the  meeting. 

It  was  then  moved  and  seconded  that  Section  III  of  the  by-laws 
be  amended  to  read  that  '*  the  officers  shall  be  elected  by  ballot, 
and  shall  assume  their  duties  at  the  close  of  the  meeting  at  which 
they  are  elected." 

In  accordance  with  ruling  by  the  chair,  it  was  moved  to  lay 
the  motion  to  amend  on  the  table  until  the  next  regular  meeting. 
The  motion  was  seconded  and  carried. 

It  was  further  moved,  seconded,  and  carried,  that  the  secretary 
be  requested  to  prepare  a  section  book  containing  reports  of  the 
secretary  and  treasurer,  a  list  of  papers  read,  a  list  of  the  mem- 
bers of  the  section,  giving  their  occupation,  location,  and  any 
other  matters  concerning  the  section  suitable  for  such  publication. 

Papers  were  read  as  follows:  *'Some  Experiments  with  the 
Mononitro-orthophthalic  Adds,"  by  M.  T.  Bogert  and  L.  Boro- 
schek  ;  **  On  the  Maumen^  Tests  for  Oils,  by  H.  C.  Sherman, 
J.  L.  Danziger,  and  L.  Kohnstamm  ;  '*  On  the  Separation  and 
Determination  of  Uranium,"  by  E.  F.  Kern. 

The  paper  on  the  **  Maumenfe' Tests  for  Oils  "  was  a  brief  ac- 
count of  the  principal  results  obtained  in  a  series  of  experiments 
on  several  varieties  of  oils,  with  difiFerent  modifications  of  the 
Maumen^  test.  The  common  practice  of  diluting  oils  with  pe- 
troleum to  prevent  too  violent  a  reaction  was  found  to  give  un- 
satisfactory results,  the  figures  obtained  from  such  mixtures 
being  too  high,  as  was  also  the  case  when  the  oil  was  dissolved 
in  an  equal  weight  of  carbon  bisulphide  or  chloroform.  The 
necessity  of  taking  account  of  the  specific  heats  of  the  oils  and 
diluents  was  noted.  In  order  to  avoid  the  necessity  of  diluting 
the  oil  and  the  resulting  uncertainty  in  the  interpretation  of  re- 
sults, the  use  of  a  weaker  acid  was  proposed.     Sulphuric  acid,  of 
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about  87  per  cent. ,  can  be  added  directly  to  all  the  common  oils 
and  the  test  can  be  carried  out  in  exactly  the  same  way  for  the 
drying  as  for  the  non-drying  oils.  Even  when  calculated  as 
**  specific  temperature  reaction"  the  results  are  somewhat  in- 
fluenced by  the  strength  of  the  add  used,  higher  figures  being 
obtained  with  the  more  concentrated  acids.  It  was,  therefore, 
recommended  that  the  test  be  always  made  with  acid  of  such 
strength  as  will  give  with  water  a  rise  of  33**  to  34**  C. 

It  was  announced  that  the  courtesies  of  the  Society  had  been 
extended  to  Professor  van't  Hoff,  and  a  motion  was  made  and 
unanimously  carried,  authorizing  the  chairman  and  executive  com- 
mittee to  take  such  measures  and  make  such  preparations  as  might 
be  required  for  entertaining  Professor  van't  HofiF. 

The  meeting  then  adjourned  until  October. 

DUS.AKD  Woodman,  Secretary, 
CHICAGO  SECTION. 

A  well  attended  meeting  of  the  Chicago  Section  was  held  at 
the  Sherman  House,  Wednesday,  May  i6th. 

The  speaker  of  the  evening  was  Prof.  A.  Nicholson,  of  the 
University  of  Chicago,  who  gave  a  paper  on  *  *  Some  Recent 
Applications  of  Spectrum  Analysis.** 
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COUNCIL. 

NAMES  PROPOSED  FOR  MEMBERSHIP. 

Abells,  Harry  D.,  Morgan  Park,  111. 
Abrahams,  Sampson,  104  Gilpin  Place,  Chicago,  111. 
Brooks,  Ralph  O.,  404  Atlantic  Ave.,  Boston,  Mass. 
De  Blois,  W.  H.,  Capelton,  P.  Q.,  Canada. 
Jeflferson,  Alice  M.,  4062  Irving  St.,  Philadelphia,  Pa. 
Kahlbaum,  George  W.  A.,  Univ.  of  Basel,  Switzerland. 
Ransom,  Arthur  McB.,  156  W.  Baker  St.,  Atlanta,  Ga. 
Schwartz,  David,  Southern  Cotton  Oil  Co.,  New  Orleans,  La. 

NAMES  PROPOSED  POR  ASSOCIATE  MEMBERSHIP. 

Pritchard,  Pred.»  1499  Adams  St.,  Chicago,  111. 

CHANGES  OP  ADDRESS. 

Bloomfield,  L.  M.,  Marlboro,  Ohio. 

Bosart,  L.  W.,  Jr.,  care  W.  W.  Timmons,  6018  Washington 
Ave.,  Chicago,  111. 

Craig,  Archibald  G.,  13  Congress  St.,  Pittsburg,  Pa. 

Ferris,  W.  S.,  Whitewater,  Wis. 

Hendee,  E.  T.,  Claremont,  Sullivan  Co.,  N.  H. 

Howard,  L.  E.,  423  N.  Ashland  Ave.,  La  Grange,  111. 

Laws,  Eugene  H.,  Box  157,  Bedford,  Mass. 

Le  Clear,  Thomas,  26  E.  29th  St. ,  N.  Y.  City. 

Norton,  Mrs.  Alice  P.,  5520  Woodlawn  Ave.,  Hyde  Park, 
Chicago,  111. 

Priest,  G.  W.,  90  Waban  Park,  Newton,  Mass. 

Smith.  Ernest  E.,  26  E.  29th  St.,  N.  Y.  City. 

Taylor,  Thomas  M.,  211  N.  Professor  St. ,  Oberlin,  Ohio. 

Thatcher,  R.  W.,  Pullman,  Wash. 

Von  Egloffstein,  C,  58  Garden  St.,  Brooklyn,  N.  Y. 

MEETINGS  OF  THE  SECTIONS. 

PHILADELPHIA  SECTION. 

The  annual  meeting  of  the  Philadelphia  Section  of  the  Amer- 
ican Chemical  Society  was  held  in  Philadelphia,  May  16,  1901. 
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The  meeting  was  called  to  order  in  the  Harrison  Laboratory, 
University  of  Pennsylvania,  at  8.15  p.m.,  Dr.  Jayne  in  the  chair. 
There  were  twenty-five  members  and  visitors  present. 

The  minutes  of  the  previous  meeting  were  read  and  approved. 

The  following  were  nominated  to  fill  the  various  offices  for  the 
ensuing  year : 

Presiding  Officer. — J.  Merritt  Matthews. 

Secretary  and  Treasurer. — F.  E.  Dodge. 

Executive  Committee, — O.  L.  Shinn,  R.  H.  Bradbury,  E. 
Schlichting. 

There  being  no  further  nominations,  on  motion  of  Dr.  Lehman, 
the  secretary  was  instructed  to  cast  one  ballot  for  the  nominees. 
The  ballot  was  cast,  and  the  nominees  were  declared  elected. 

It  was  moved  and  seconded  that  a  written  notice,  advising  that 
the  proposed  change  in  the  by-laws, — electing  a  vice-chairman 
for  the  same  term  and  at  the  same  time  as  the  other  officers  of  the 
section, — be  sent  to  each  member  of  the  section  ;  the  motion  was 
carried. 

The  paper  of  the  evening  was  **  Some  Investigations  upon  the 
Interaction  of  Carboxyl  and  Cyanogen  Compounds,"  by  Marston 
Taylor  Bogert,  of  Columbia  University. 

The  paper  was  discussed  by  Dr.  Leffmann  and  others. 

There  being  no  further  business  the  meeting  adjourned  at  9.30. 

p.  E.  DOPOB,  Secretary. 
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COUNCIL. 

NAMES  PROPOSED  FOR  MEMBERSHIP. 

Hosch,  George  E.,  904  St.  John's  Place,  Brookl3ai,  N.  Y. 

Lyon,  A.  E.,  care  Chiapos  Mining  Co.,  Teapa,  Tabascos,  Mex. 

Pegg,  E.  F.,  100  W.  Clinton  St.,  Cleveland,  Ohio. 

Potter,  Nathan  S.,  Jr.,  Cement  City,  Mich. 

Schlundt,  Herman,  Madison,  Wis. 

Stuart,  Duncan,  1937  13th  St.,  N.  W.,  Washington,  D.  C. 

Wells,  J.  Walter,  Provincial  Assay  OflSce,  Belleville,  Ont. 

NAME  PROPOSED  FOR  ASSOCIATE  MEMBERSHIP. 

Kimball,  Sherman,  Palo  Alto,  Cal. 

CHANGES  OP  ADDRESS. 

At  wood,  Frank  W.,  20  Central  Wharf,  Boston,  Mass. 
Fox,  C.  B.,  257  Main  St.,  East  Hamilton,  Canada. 
Huntington,  Harwood,  University  Club,  i  W.  54th  St.,  New 
York  City. 

Laws,  E.  H.,  Box  157,  Bedford,  Mass. 
Leach,  Mary  F.,  74  Pitcher  St.,  Detroit,  Mich. 
Morgan,  Wm.  Conger,  Univ.  of  Cal.,  Berkeley,  Cal. 
Roberts,  Alfred  E.,  Wethersfield,  Conn. 
Root,  Wm.  L.,  II  Church  St.,  Pittsfield,  Mass. 
Ryland,  Gamett,  Richmond  College,  Richmond,  Va. 
Saunders,  A.  P.,  Hamilton  College,  Clinton,  N.  Y. 
Wagner,  Theodore  B.,  697  N.  Robey  St.,  Chicago,  111. 

ADDRESSES  WANTED. 

Boroscheck,  Leopold,  formerly  of  149  E.  56th  St.,  N.  Y.  City. 
Niese,  H.  E.,  formerly  of  Matthiesen&  Wiechers,  Jersey  City, 
N.J. 

Waters,  C.  D.,  formerly  of  6  Magnolia  St.,  Roxbury,  Mass. 

MEETINGS  OF  THE  SECTIONS. 

KANSAS  CITY  SECTION. 

The  first  regular  meeting  was  held  on  January  8,  1901,  in  the 
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rooms  of  the  Kansas  City  College  of  Pharmacy,  714  Wyandotte 
street,  Professor  Bailey,  of  Kansas  University,  presiding. 

The  report  of  the  Executive  Committee  on  By-Laws  was  read 
and  accepted. 

Professor  E.  C.  Franklin,  of  Kansas  University,  gave  a  talk, 
illustrated  by  experiments,  on  the  subject,  '*  Ammonia,  A  New 
Electrolytic  Solvent. ' ' 

Professor  Franklin  at  first  reviewed  briefly  the  general  proper- 
ties of  gases  and  of  solution.  He  then  performed  some  experi- 
ments with  liquid  ammonia.  He  showed  its  action  as  a  solvent 
upon  a  number  of  substances.  He  called  special  attention  to  the 
analogy  between  liquid  ammonia,  in  all  of  its  reactions,  and 
water.  For  example,  it  is  acted  upon  by  the  alkali  metals  to 
form  compounds  analogous  to  the  hydroxides  formed  by  the 
action  of  these  metals  upon  water  ;  e,  g., 

NH,+  K  =  NH,K+H. 

These  compounds  are  neutralized  by  acid  amides  just  as  bases 
are  neutralized  by  acids.  Phenolphthalein  may  be  used  to  indi- 
cate  the  neutral  point,  as  can  also  many  others  of  the  usual  indi- 
cators.    Litmus  is  insoluble. 

Professor  Franklin  also  explained  briefly  the  apparatus,  prac- 
tically all  of  which  was  made  by  himself,  used  for  purifying  the 
commercial  liquid.  He  also  explained  the  apparatus  and  methods 
used  for  determining  its  physical  constants. 

A  motion   was  passed   to  give  Professor  Franklin   a  vote  of 
thanks  for  his  interesting  talk. 
The  meeting  then  adjourned. 


The  second  regular  meeting  was  held  at  714  Wyandotte  St., 
February  12,  1901,  Professor  Bailey  presiding. 

Mr.  Chas.  Van  Brunt,  one  of  the  chemists  for  the  American 
Smelting  and  Refining  Co*s  plant  at  Argentine,  Kansas,  read  an 
interesting  paper  on  the  subject,  * '  The  Electrolytic  Determina- 
tion and  Separation  of  Antimony.'' 

After  reviewing  the  gravimetric  methods,  given  in  text- 
books, for  the  determination  of  antimony,  and  the  volumetric 
method  of  Kessler,  he  took  up  the  electrolytic  method  of  precipi- 
tation from  alkaline  sulphide  solution. 

Mr.  Van  Brunt  said  in  part  : 

The  unmodified  method  of  Classen  has  some  serious  draw- 
backs, the  difi&culty  being  chiefly  due  to  the  formation  of  a  poly- 
sulphide,  which  hinders  the  reduction  of  the  antimony  and  even 
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•causes  a  re-solution  of  it  if  it  is  allowed  to  become  sufficiently 
concentrated. 

The  trouble  in  part  remedies  itself  by  the  action  of  the  sodium 
and  hydrogen  set  free  at  the  cathode.  They  combine  with  part 
of  the  sulphur  in  the  polysulphide,  forming  sodium  hydrosulphide, 
NaHS,  and  reducing  the  polysulphide  to  normal  sulphide.  The  so- 
dium hydrosulphide,  too,  reacts  with  the  sodium  hydroxide  formed 
at  the  cathode  and  re-forms  the  normal  sulphide,  Na,S.  Hence, 
there  really  will  be  a  point  at  which  the  reduction  of  the  anti- 
mony is  complete.     This  is  very  difficult  to  strike,  however. 

Classen  has  suggested  the  use  of  hydrogen  peroxide  to  de- 
stroy the  polysulphide,  but  it  cannot  be  used  to  prevent  its  for- 
mation. 

Ost  encloses  the  cathode  and  the  antimony  solution  in  a  porous 
cell,  thus  keeping  the  polysulphide  out  of  the  way.  There  are 
a  number  of  objections  to  this  method,  however. 

It  occurred  to  the  writer  that  there  might  be  some  substance 
which  would  prevent  the  formation  of  the  polysulphide.  Potas- 
sium cyanide  was  tried,  with  entire  success.  The  potassium  cy- 
anide combines  with  the  sulphur  to  form  potassium  thiocyanide, 
which  has  no  injurious  effect.  The  current  strength  remains  uni- 
form and  the  deposition  takes  place  evenly.  Enough  potassium 
cyanide  is  added  to  allow  complete  precipitation  of  the  antimony 
before  the  solution  turns  yellow. 

Alkaline  salts  which  may  have  accumulated  in  the  preceding 
chemical  operations,  do  not  interfere.  Hydrogen  peroxide  is 
added  to  the  antimony  solution  before  the  addition  of  potassium 
cyanide,  to  oxidize  arsenic  from  the  arsenious  to  the  arsenic  form, 
in  which  condition  it  does  not  interfere.  The  cyanide  is  then 
added  in  the  proper  amount,  the  solution  heated,  and  the  elec- 
trolysis performed. 

A  motion  was  passed  that  Mr.  Van  Brunt's  paper  be  accepted 
and  a  copy  of  it  preserved  with  the  Society  records  and  that  Mr. 
Van  Brunt  be  given  the  thanks  of  the  Society. 

A  motion  to  adjourn  was  passed. 


The  third  regular  meeting  was  held  at  714  Wyandotte  St. , 
March  12,  1901,  with  Professor  E.  H.  S.  Bailey  in  the  chair. 

Dr.  Moechel,  the  councilor,  made  a  report  on  the  progress  of 
the  movement  in  favor  of  printing  abstracts  in  the  Journal. 

Professor  Bartow  moved  that  the  councilor  be  instructed  that 
it  is  the  sense  of  the  section  that  we  favor  the  printing  of  ab- 
stracts.    The  motion  was  seconded  and  passed. 

It  was  decided  to  hold  the  May  meeting  at  Lawrence,  Kansas. 

Professor  Edward  Bartow,  of  the  University  of  ELansas,  read  a 
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paper  entitled   *  *  Some  Modifications  of  the  Friedel-Craf ts  Reac- 
tion.*' 

After  carefull3r  explaining  the  use  of  aluminum  chloride  in 
bringing  about  the  substitution  of  hydrogen  by  open-chain  radi- 
cals in  general,  Professor  Bartow  spoke  of  his  work  with 
triphenylmethane  and  its  derivatives.  This  compound  may  be 
made  by  the  action  of  chloroform  on  benzene  in  the  presence  of 
aluminum  chloride.  The  usual  method  of  preparing  it  is  to  make 
the  aluminum  chloride  either  by  the  action  of  hydrochloric 
acid  or  aluminum,  or  by  the  direct  combination  of  chlorine  and 
aluminum,  and  th%n  treating  the  mixture  of  chloroform  and  ben- 
zene with  the  prepared  aluminum  chloride.  Professor  Bartow*s 
modification  consists  in  treating  a  mixture  of  chloroform  and 
benzene,  having  finely  divided  metallic  aluminum  suspended 
in  it,  with  dry  chlorine  gas. 

The  method  is  entirely  successful  and  Professor  Bartow  is  con- 
tinuing the  work  in  this  direction. 

A  motion  was  passed  to  thank  Mr.  Bartow  for  his  paper  and  to 
file  it  with  the  records  of  the  Society. 

Dr.  Moechel  brought  up  the  question  of  having  a  bureau  of 
information  in  the  Journal  of  the  Society.  A  motion  was  passed 
to  consider  this  question  at  the  next  meeting. 


The  fourth  regular  meeting  of  the  section  was  held  at  714  Wy- 
andotte street,  April  9,  1 90 1,  Professor  Bailey  presiding.  The 
minutes  of  the  March  meeting  were  read  and  approved. 

The  secretary  reported  that,  upon  the  advice  of  the  Executive 
Committee,  $15.00  had  been  sent  to  Professor  Long,  the  chairman 
of  the  Finance  Committee  of  the  anniversary  meeting. 

Mr.  Ottokar  Hofmann,  superintendent  of  the  blue  vitriol 
department  of  the  American  Smelting  and  Refining  Company's 
plant  at  Argentine,  presented  a  very  interesting  paper  on  the 
subject,  **A  New  Method  for  Making  Blue  Vitriol,'*  in  which  he 
described  the  ingenious  process,  of  his  own  invention,  now  in  use 
at  the  Argentine  plant. 

In  Mr.Hofmann's  process,  the  material,  a  lead  copi)er  matte, 
containing  about  40  per  cent,  copper  and  12  to  14  per  cent,  lead,  is 
at  first  pulverized  in  a  Krupp  ball  mill  so  that  it  will  pass  through 
a  50-mesh  sieve  and  is  then  roasted  in  specially  constructed  double- 
story  Pearce  turret  roasters. 
The  important  points  to  be  gained  in  this  roasting  are  as  follows  : 
I .  To  convert  as  much  as  possible  of  the  copper  sulphinide  to 
copper  sulphate. 
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2.  To  convert  the  balance  into  cupric  oxide,  which  dissolves 
in  dilute  sulphuric  acid. 

3.  To  convert  the  iron  into  the  red  oxide,  which  is  only 
slightly  soluble  in  dilute  sulphuric  acid. 

This  requires  great  skill,  for  a  pretty  high  heat  is  necessary  to 
convert  the  iron  into  the  desired  form  and,  at  the  same  time,  a 
too  high  temperature  will  decompose  some  of  the  copper  sulphate, 
leaving  cuprous  oxide,  in  which  form  only  half  the  copper  will  be 
converted  into  copper  sulphate  by  the  action  of  dilute  sulphuric 
acid. 

After  roasting  and  again  pulverizing,  the  material  is  placed  in 
wooden  tanks  12  feet  in  diameter  and  6  feet  deep,  containing 
sulphuric  acid  of  2  or  3  per  cent,  strength. 

The  whole  is  stirred  and  is  kept  hot  by  steam  until  the  solu- 
tion becomes  nearly  neutral. 

The  pulp  is  now  forced  through  a  filter  by  means  of  a  pressure 
tank.  The  crude  neutral  copper  sulpliate  solution  is  now  refined 
by  adding  some  roasted  matte  and  passing  air  and  steam 
through  it.  This  is  performed  in  towers  9  feet  in  diameter  and 
16  feet  deep,  made  of  California  redwood.  Bach  tower  is  capable 
of  handling  15,000  gallons  per  day  and  there  are  eight  of  them  at 
the  Argentine  works.  The  copper  oxide  of  the  matte  and  the 
oxygen  of  the  air  act  upon  the  ferrous  sulphate,  converting  it 
into  the  red  oxide  and  forming  copper  sulphate. 

When  all  the  impurities  have  been  precipitated,  the  solution  is 
again  filtered. 

The  purified  solution  is  now  concentrated  in  an  apparatus  of 
Mr.  Hofmann's  invention,  for  which  a  patent  is  now  pending. 

The  hot,  concentrated  solution  is  run  into  crystallizing  tanks, 
of  which  there  are  112  at  Argentine,  each  with  a  capacity  of 
720  cubic  feet,  made  of  concrete. 

Here  the  solution  stands  for  seven  or  eight  days,  in  the  course 
of  which  the  blue  vitriol  crystallizes  out  on  strips  of  lead  sus- 
pended in  the  solution.  These  clusters  of  crystals  are  then 
removed,  crushed,  screened,  washed,  dried  in  centifugal  machines 
and  removed  to  the  storage  bins  of  the  warehouse.  The  works 
produce  60  tons  per  day. 

A  motion  was  passed  to  thank  Mr.  Hofmann  and  request  him 
to  give  his  paper  to  be  preserved  with  the  records  of  the  Society. 

A  motion  was  passed  to  express  to  the  parent  Society  the  sug- 
gestion that  a  query  column  be  established  in  the  Journal. 

The  Society  adjourned. 


The  fifth  regular  meeting  of  the  section  was  held  in  the  Physics 
Building  of  Kansas  University,  at  Lawrence,  Kansas,  May  14, 
1 901,  with  Professor  Bailey  in  the  chair. 
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The  minutes  of  the  April  meeting  w6re  read  and  approved. 

A  motion  was  passed  to  take  a  vote  on  the  question  as  to 
whether  0=i6orH=i  should  be  taken  as  the  standard  of 
atomic  weights.     The  vote  was  unanimous  in  favor  of  O  =^  i6. 

A  motion  was  passed  to  have  the  June  meeting  of  a  social 
nature. 

Professor  Knerr,  of  Atchison,  Kansas,  th«n  lead  a  paper  on  the 
subject,  **  Cosmo-Chemistry." 

In  this  paper.  Professor  Knerr  offers  a  theory  of  chemical 
affinity,  based  upon  the  properties  of  the  ether.  In  his  opinion, 
chemical  affinity  is  but  a  manifestation  of  gravity,  and  he  attempts 
to  explain  both  by  his  theory  of  the  ether. 

He  regards  the  ether  as  made  up  of  minute  discreet  particles, 
smaller  than  any  of  the  atoms  of  chemistry,  which  he  calls 
''protatoms,''  for  he  regards  them  as  the  foundation  stuff  of 
the  atom.  These  protatoms  are  not  in  contact,  and  the  spaces 
between  them  are  utterly  void  of  matter,  so  that  they  are  free  to 
move  with  undiminished  resultant  velocities,  for  they  are  per- 
fectly elastic.  So  we  may  regard  the  ether  as  made  up  of  prot- 
atoms, in  continual  motion  in  every  direction,  unhindered  in  the 
void  space,  save  as  they  collide,  rebound,  collide  again  and  re- 
bound eternally.  In  such  a  chaotic  condition  there  would  arise 
of  necessity  groups  of  protatoms,  here  and  there  of  greater  or  less 
number.  Two  such  groups  in  close  proximity  would  shield  each 
other  more  or  less,  from  external  impacts  of  other  protatoms  on 
their  adjacent  paces,  with  the  result  that  they  would  be  driven 
closer.  The  energy  of  their  own  internal  impacts  would  thus  be 
conserved  ;  and  two  such  groups  would  constitute  a  molecule,  in 
which  each  group  would  be  an  atom.  This  condition  of  being 
driven  together  is  chemism  and  the  energy  of  this  external  dri- 
ving together  is  chemical  affinity.  In  this  way  I  would  correlate 
gravity  and  chemical  affinity. 

After  an  animated  discussion  of  the  paper,  and  after  passing  a 
motion  to  thank  Professor  Knerr  and  ask  him  to  leave  his  paper 
to  be  filed  with  the  records  of  the  Society,  the  Society  adjourned. 


i 


Iisned  with  September  Nnmber,  1901. 
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MINUTES   OF   THE   TWENTY-FOURTH   GENERAL 
MEETING  OF  THE  AMERICAN  CHEMICAL 

SOCIETY. 

The  Twenty- Fourth  General  Meeting  of  the  American  Chemical 
Society  was  held  in  Room  14  of  the  High  School  Building,  comer 
of  Nineteenth  and  South  Streets,  Denver,  Colorado,  August 
26  and  27,  1901. 

The  first  session,  a  joint  session  with  Section  C  of  the  Amer- 
ican Association  for  the  Advancement  of  Science,  was  called  to 
order  Monday,  August  26th,  at  1 1.30  a.m.,  by  Vice-President  John 
H.  Long,  of  Section  C,  who  introduced  Mr.  Franklin  Guiterman, 
superintendent  of  The  American  Smelting  and  Refining  Co.  Mr. 
Guiterman  extended  to  the  visiting  chemists  a  few  cordial  words 
of  welcome,  which  were  responded  to  by  President  F.  W.  Clarke 
in  behalf  of  the  American  Chemical  Society,  and  Vice-President 
Long  in  behalf  of  Section  C. 

The  joint  session  was  then  adjourned  and,  after  a  few  minutes 
spent  in  organizing  Section  C,  the  American  Chemical  Society 
was  called  to  order  by  Professor  Long  at  the  request  of  President 
Clarke. 

Chas.  Baskerville,  chairman,  presented  the  final  report  of  the 
Census  Committee  for  the  Twenty-fifth  Anniversary. 

President  Clarke  then  returned  and  took  the  chair,  and  the  re- 
port was  discussed  by  Messrs.  McPherson,  Baskerville,  and  Hale. 
Upon  motion  of  Mr.  Hale  the  report  was  accepted  by  the  Society 
and  referred  to  the  Committee  on  Papers  and  Publications. 

After  some  announcements  the  morning  session  was  adjourned. 

The  afternoon  session  was  called  to  order  by  President  Clarke 
at  2  o'clock.  The  following  named  papers  were  read  by  their 
authors :  *  *  A  Summary  of  the  Analysis  of  Some  Massive  and 
Eruptive  Rocks  of  Boulder  County,  Colorado,'*  by  Chas.  Skeele 
Palmer.     **  Optical  Rotations  of  Certain  Tartrates  in  Glycerol," 
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by  John  H.  Long.     "  Recent  Developments  in  Physical  Chem- 
istry," by  Wilder  D.  Bancroft. 

TUESDAY,  AUGUST  27TH. 

The  morning  session  was  called  to  order  by  President  Clarke 
at  10.05  o'clock.  A  paper  on  **  The  Atomic  Volume  Curve  in 
Relation  to  the  Periodic  Sequence,"  by  Chas.  Skeele  Palmer,  was 
read  by  its  author  and  discussed  by  Messrs.  Clarke  and  Lachman. 

This  was  followed  by  a  "  Report  on  Some  of  the  Mineral 
Waters  of  the  Philippine  Islands,"  by  G.  B.  Prankforter  and 
some  announcements  by  the  secretary  of  Section  C. 

Mr.  Kepner,  of  Denver,  then  called  attention  to  an  exhibit  of 
apparatus  by  the  Denver  Fire  Clay  Co.,  which  was  on  the  third 
floor  of  the  building,  and  invited  the  chemists  to  inspect  it  at 
their  convenience. 

A  paper  on  *  *  Proper  Methods  of  Teaching  Physical  Chemistry," 
by  Wilder  D.  Bancroft,  was  presented  by  the  author  and  dis- 
cussed by  Messrs.  Long,  Bancroft,  Lachman,  Hale,  Brown,  Clarke, 
and  Prankforter. 

On  motion  of  Professor  Long,  the  president  of  the  Society,  Pro- 
fessor F.  W.  Clarke,  and  the  secretary.  Dr.  Albert  C.  Hale,  were 
elected  to  represent  the  Society  in  the  Council  of  the  American 
Association  for  the  Advancement  of  Science,  in  accordance  with 
an  amendment  to  its  constitution  passed  by  the  Association  at  its 
morning  session,  authorizing  the  increase  of  its  Council  by  the 
addition  of  two  representatives  from  each  of  the  affiliated  societies, 
subject  to  the  condition  that  said  representatives  must  be  fellows 
of  the  Association. 

After  some  announcements  a  paper  '*On  the  Existence  of  a 
New  Element  Associated  with  Thorium,"  by  Chas.  Baskerville, 
was  read  by  its  author  and  discussed  by  Messrs.  Brown,  Clarke, 
Baskerville,  and  Bancroft. 

After  some  further  announcements  by  the  secretary  the  morn- 
ing session  was  adjourned. 

The  afternoon  session  was  called  to  order  at  2.10  p.m.  by  Pres- 
ident Clarke. 

A  paper  on  ' '  Some  Suggestions  for  Improvement  in  Instruc- 
tion in  Technical  Chemistry,"  by  Arthur  Lachman,  was  read  by 
the  author. 

A  paper  on  **Some  Observations  on  the  Teaching  of  Chem- 
istry," by  Chas.  Skeele  Palmer,  was  then  presented  and  the  two 
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papers  were  discussed  by  Messrs.  McPherson,  Clarke,  Brown, 
Lachman,  and  Hale. 

A  paper  on  *  *  Chemistry  in  the  High  School, '  *  by  Fredus  N. 
Peters,  was  presented  by  the  secretary  in  the  absence  of  its  author. 

A  paper  on  *  *  Chemistry  in  Manual  Training  High  Schools,  *  * 
by  Armand  R.  Miller,  was  read  by  the  author  and  discussed  by 
Messrs.  Fuller,  Miller,  Slosson,  and  Frankforter. 

The  abstract  of  a  paper  on  the  *  *  Origin  and  Use  of  Natural 
Gas  at  Manitou,  Colorado,*'  by  William  Strieby,  was  read  by  the 
secretary  in  the  absence  of  the  author,  as  was  also  an  abstract  of 
a  paper  entitled  **  Notes  on  the  Chlorides  of  Ruthenium,**  by 
Jas.  Lewis  Howe. 

Arthur  Lachman  then  presented  a  paper  on  **  Some  New  Lab- 
oratory Furniture,**  which  was  discussed  by  Messrs.  Frankforter 
and  Hale. 

After  some  announcements,  upon  motion  of  the  secretary,  the 
thanks  of  the  Society  were  unanimously  voted  to  the  chairman 
and  other  members  of  the  Local  Committee  of  Arrangements  for 
the  Meeting  ;  the  Board  of  Education  of  the  City  of  Denver,  the 
superintendent  of  schools,  and  the  principal  of  the  East  Denver 
High  School :  the  officers  and  managers  of  the  Argo,  Grant,  and 
Globe  Reduction  Works  ;  Mr.  Franklin  Guiterman,  superintend- 
ent of  the  American  Smelting  and  Refining  Co.;  Mr.  J.  D.  Haw- 
kins, superintendent  of  the  Colorado- Philadelphia  Reduction  Co. ; 
and  The  Denver  Fire  Clay  Co. 

Professor  Chas.  S.  Palmer,  chairman  of  the  Local  Committee 
of  Arrangements  for  entertaining  the  chemists,  expressed  his  ap- 
preciation of  the  vote  of  thanks,  and  the  Twenty-fourth  General 
Meeting  of  the  Society  was  then  adjourned. 

On  Wednesday  afternoon  the  chemists  visited  the  smelting 
works  (Globe,  Grant,  and  Argo)  in  the  vicinity  of  Denver.  A 
special  train  was  furnished  by  the  courtesy  of  the  Colorado  and 
Southern  Railroad  Company,  and  was  in  charge  of  Mr.  C.  L. 
Wellington,  traffic  manager.  Mr.  Franklin  Guiterman,  of  the 
American  Smelting  and  Refining  Company,  with  the  aid  of  Pro- 
fessor Chas.  S.  Palmer,  conducted  the  party. 

A  subscription  dinner  was  held  on  Wednesday  evening  at 
7  o'clock,  at  the  University  Club,  comer  of  Seventeenth  and 
Sherman  Avenues.  About  forty  chemists  and  their  friends  were 
present.  Ai^bkrt  C.  Hai,e,  Secretary. 
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COUNCIL. 

The  Council  of  the  American  Chemical  Society  was  called  to 
order  by  President  Clarke  at  4.50  p.m.,  August  26,  1901,  in  Room 
14  of  the  High  School  Building,  Denver,  Colorado. 

As  there  was  no  quorum,  various  matters  were  discussed  in- 
formally, but  no  action  was  taken. 

The  Council  adjourned  at  6.15  p.m. 

Albert  C.  Hai,b,  Secretary, 
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Furman,  H.  Van  F.,  218  Boston  Bldg.,  Denver,  Colo. 

Gleason,  C.  A.,  Shelby,  O. 

Goldthwaite,  Nellie  E.,  South  Hadley,  Mass. 

Guiterman,  Franklin,  835  OgdenSt.,  Denver,  Colo. 

Hensel,  Samuel  T.,  801  E.  Colfax  Ave.,  Denver,  Colo. 

Hodgkins,  David  Harwood,  Phillipsdale,  R.  I. 

Hopkins,  Frank  W. ,  Meeker,  Colo. 

Johnson,  Edward  M.,  Grant  Plant,  Denver,  Colo. 

Kelly,  Wm.  E.,  2061  7th  Ave.,  N.  Y.  City. 

Kepner,  Harry  V.,  2103  Gilpin  St.,  Denver,  Colo. 

Lachman,  Arthur,  Eugene,  Ore. 

Low,  Wilson  H.,  care  of  Cudahy  Packing  Co.,  South  Omaha, 
Nebr. 

McCuUough,  Edwin  C,  452  E.  3rd  St.,  Dayton,  O. 

Mory,  A.  V.  H.,  care  of  Armour  Packing  Co.,  Kansas  City, 
Kans. 

Mulliken,  Harry  S.,  Monterey,  N.  L..  Mexico. 

Myers,  Rollin  Guizot,  88  W.  Main  St.,  Shelby,  O. 

Nakayama,  Takakichi,  care  of  Japanese  Consulate,  99  Nassau 
St.,  N.  Y.  City. 

Patterson,  A.  M.,  Rose  Poly.  Inst.,  Terre  Haute,  Ind. 

Patton,  Arthur  L. ,  Boulder,  Colo. 

Remington,  Walter  W.,  Montclair,  Colo. 

Richardson,  Charles  Henry,  Dartmouth  Coll.,  Hanover,  N.  H. 

Scott,  W.  G.,  care  of  J.  I.  CaseT.  M.  Co.,  Racine,  Wis. 
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Seidell,  Atherton,  Dept.  of  Agr.,  Washington,  D.  C. 

Skinner,  Lewis  B. ,  Colorado  Springs,  Colo. 

Separk,  Edward  A.,  Ironwood,  Mich. 

Spearlin,  Oscar  L.,  S.  C.  Cotton  Oil  Co.,  Columbia,  S.  C. 

Squire,  George  B.,  El  Paso,  Texas. 

Sullivan,  Thomas  V.,  1530  9th  St.,  N.  W.,  Washington,  D.C. 

Vanier,  George  P.,  229  S.  4th  St.,  Steelton,  Pa. 

Warren,  A.  Sydney,  i  Austin  St.,  Buffalo,  N.  Y. 

Wihigsohn,  Mr.,  Shelby,  O. 

NAMES   PROPOSED   FOR  ASSOCIATE  MEMBERSHIP. 

Annear,  John  B.,  Boulder,  Colo. 
Argall,  Philip  H.,  Boulder,  Colo. 
Henry,  Carl  D.,  Boulder,  Colo. 
Thayer,  Harry  S.,  Greeley,  Colo. 

NEW  MEMBERS  ELECTED  JUNE   25.    1901. 

Dewey,  Elbert  E.,  518  Washington  Boulevard,  Chicago,  111. 

Goodmar,  Julian  H.,  121  E.  23rd  St.,  N.  Y.  City. 

Hyman,  Leonard  W.,  342  S.  Pearl  St.,  Albany,  N.  Y. 

Reckhart,  D.  W.,  Box  88,  El  Paso,  Texas. 

Stalnaker,  Edwards  S.,  Thomas,  W.  Va. 

Strange,  William  W.,  Oberlin,  O. 

Terry,  H.  Warren,  Jr.,  2029  Mt.  Vernon  St.,  Phila. 

Turner.  Herbert  S.,  Oglesby,  La  Salle  Co.,  111. 

Watson,  Charles  A.,  Raleigh,  N.  C. 

ASSOCIATES  ELECTED  JUNE   25,    1901. 

Flanders,  F.  F.,  Pullman,  Wash. 

Reid,  Burton  1103  W.  40th  St.,  Kansas  City,  Mo. 

Young,  E.  H.,  Pullman,  Wash. 

NEW  MEMBERS  ELECTED  SEPTEMBER  9,  1901. 

Hosch,  George  E.,  904  St.  John's  PI.,  Brooklyn,  N.  Y. 
Lyon,  A.  E.,  Care  of  Chiapos  Mining  Co.,  Teapa,   Tabascos, 
Mex. 
Potter,  Nathan  S.,  Jr  ,  Cement  City,  Mich. 
Schlundt,  Herman,  Madison,  Wis. 

Stuart,  Duncan,  1937  13th  St.,  N.  W.,  Washington,  D.  C. 
Wells,  J.  Walter,  Provincial  Assay  OflSce,  Belleville,  Ontario. 

ASSOCIATE  ELECTED  SEPTEMBER  9,   I90I. 

Kimball,  Sherman,  Palo  Alto,  Cal. 

CHANGES  OP  ADDRESS. 

Adams,  Maxwell,  Chico,  Cal. 
Austin,  N.  M.,  Duquesne,  Pa. 
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Barrows,  £.  R. ,  Brandt,  Susquehanna  Co. ,  Pa. 

Benson,  D.  H.,  Box  145,  So.  Jacksonville,  Fla. 

Bizzel,  J.  A.,  305  Dryden  Road,  Ithaca,  N.  Y. 

Bowman,  Walker,  39  Cortlandt  St.,  N.  Y.  City. 

Briggs,  T.  Lynton,  316  Bowne  Ave.,  Flushing,  N.  Y. 

Carnell,  Wm.  C,  Tacony  Chem.  Wks.,  Bridesburg,  Philadel- 
phia, Pa. 

Cary,  Edward  A.,  care  Puget  Sound  Reduction  Co.,   Everett, 
Wash. 

Clark,  Alfred  N.,  Box  145,  Alma,  Mich. 

Cottle,  George  T.,  186  Christian  St.,  Wallingford,  Conn. 

Darke,  Jesse  M.,  551  Essex  St.,  Lynn,  Mass. 

Davis,  R.  O.  E.,  Chapel  Hill,  N.C. 

Dorr,  John  V.  N.,  918  Equitable  Bldg.,  Denver,  Colo. 

Falk,  Kaufman  G.,  63  E.  74th  St.,  N.  Y.  City. 

Ferris,  W.  S.,  227  Wisconsin  St.,  Milwaukee,  Wis. 

Gass,  James  K.,  4321  Cloud  St.,  Frankford,  Pa. 

Getman,  F.  H.,  Johns  Hopkins  Univ.,  Baltimore,  Md. 

Given,  Arthur,  1937  13th  St.,  N.  W.,  Washington,  D.  C. 

Glasoe,  P.  M.,  Box  723,  Northfield,  Minn. 

Godley,  Geo.  McM.,  90-101  West  8oth  St..  N.  Y.  City. 

Goodell,  Geo.  A.,  284  St.  Nicholas  Ave.,  N.  Y.  City. 

Gore,  Herbert  C,  Freeport,  111. 

Hale,  Albert  C,  352 A  Hancock  St.,  Brooklyn,  N.  Y. 

Hopkins,  Erastus,  60  William  St. ,  Worcester,  Mass. 

Irvin,  E.  P.,  Boise,  Idaho. 

Koch.  F.  C,  208  W.  Elm  St.,  Urbana,  111. 

Kunze,  W.  F.,  Red  Wing,  Minn. 

Leffmann,  Henry,  119  S.  4th  St.,  Philadelphia,  Pa. 

Mahon,  R.  W.,  N.  Y.  C.  and  H.  R.  R.,  West  Albany,  N.  Y. 

Mathewson,  E.  P.,  care  Amer.  Sm.  and  Ref.  Co.,   71  Broad- 
way, N.  Y.  City. 

Matthews,  J.  Merritt,  225  So.  45th  St.,  Philadelphia,  Pa. 

Miller,  Armand  R.,  620  Woodland  Ave.,  Kansas  City,  Mo. 

Mommers,  Richard,  Rockford,  111. 

Moody,  Herbert  R.,  Hobart  College,  Geneva,  N.  Y. 

Motion,  John,  ValvolineOil  Co.,  Edgewater,  N.  J. 

Parmelee.  H.  C,  524  E.  30th  Ave.,  Denver,  Colo. 

Pemberton,  Ralph,  1947  Locust  St.,  Philadelphia,  Pa. 

Rand,  Charles  L.,  105  Quarry  St.,  Ithaca,  N.  Y, 

Reese,  Herbert  J.,  Bozeman,  Mont. 

Reubens,  Chas.  M.,  Sec*y  Brady  Brass  Co.,   202  Tenth  St., 
Jersey  City,  N.  J. 

Richardson,  W.  D. ,  care  of  Swift  &  Co. ,  National  Stock  Yards, 
East  St.  Louis,  111. 

Riddell,  D.  F.,  Sioux  Falls  Coll.,  Sioux  Falls,  S.  D. 

Ripley,  Philip  F. ,  care  of  Assabet  Mills,  Maynard,  Mass. 

Rising,  H.  R.,  Newark,  N.  J. 
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Ryan,  I.,  452  Paimiount  Ave.,  Jersey  City,  N.  J. 

Schoonmaker,  H.,  917  Race  St.,  Cincinnati,  O. 

Shepherd,  E.  S.,  205  Hazen  St.,  Ithaca,  N.  Y. 

Sinkinson.  J.  Dawson,  645  Marcy  Ave.,  Brooklyn,  N.  Y. 

Smith,  Edward  S.,  826  W.  43rd  St.,  Chicago,  111. 

Sparks,  John  C,  DeLaVergne  Refrigerating  Machine  Co., 
foot  of  E.  138th  St.,  N.  Y.  City. 

Stocker,  John  H.,  189  Jefferson  Ave.,  Brooklyn,  N.  Y. 

Strahorn,  A.  T.,  Box  loi,  Norfolk,  Nebr. 

Thomas,  W.  H.,  Jr.,  Passaic  Print  Works,  Passaic,  N.  J. 

Tingle,  J.  Bishop,  111.  College,  Jacksonville,  111. 

Torrey,  Charles  A.,  Jr.,  17  Park  Vale,  Brookline,  Mass. 

Touzalin,  Leslie  A..  Rose  Poly.  Inst.,  Terre  Haute,  Ind. 

Wagner,  Theodore  B.,  1444  Wilson  Ave.,  Chicago,  111. 

White,  Alfred  H.,  1003  University  Ave.,  Ann  Arbor,  Mich. 

Wigfall,  E.  Newton,  83  E.  Lacrosse  Ave.,  Lansdowne,  Pa. 

Willey,  Ogden  G.,  care  Crane  Co.  Lab.,  52  Judd  St.,  Chicago, 
111. 

ADDRESSES   WANTED. 

Hanson,  Charles  A.,  formerly  care  of  Pleischmann  &  Co., 
Riverside,  Cincinnati,  Ohio. 

Remington,  J.  Percy,  formerly  of  65  Columbia  Heights,  Brook- 
lyn, N.  Y. 

Waterman,  C.  N.,  formerly  of  134  50th  St.,  Chicago,  111. 


ft 


November  Nnnber,  1901. 


COUNCIL. 

The  winter  meeting  of  the  Society  will  be  held  in  Philadelphia, 
on  Monday  and  Tuesday,  December  30  and  31,  1901. 

NAMBS  PROPOSBD  FOR  MEMBERSHIP. 

Arsem,  William  C,  13  N.  College  St.,  Schenectady,  N.  Y. 

Beers,  Frank  Troxell,  Emporium,  Pa. 

Bull,  Irving  C,  Box  294,  Middletown,  N.  Y. 

Burgess,  Charles  F.,  Engineering  Building,  Madison,  Wis. 

Burroughs,  Karl,  Rumford  Falls,  Me. 

Cassady,  V.  K.,  Armour  Glue  Works,  Chicago,  111. 

Chambers,  Victor  J.,  Columbia  Univ.,  N.  Y.  City. 

Crayen,  Gustav,  446  W.  23rd  St.,  New  York  City. 

Daniels,  Frank  C,  40  R  St.,  N.  E.,  Washington,  D.  C. 

Davis,  Emerson,  515  Cass  Ave.,  Detroit,  Mich. 

Dean,  John  Godfrey,  Cement  City,  Mich. 

DuPont,  Irenee,  788  Broad  St.,  Newark,  N.  J. 

Durkee,  Frank  W. ,  Tufts  College,  Mass. 

Easterbrooke,  Frank  D.,  Raritan  Copper  Works,  Perth  Amboy, 
N.J. 

Exner,  Franz  F.,  118  N.  58th  St.,  Philadelphia,  Pa. 

FitzGerald,  Francis  A.  J.,  Niagara  Falls,  N.  Y. 

Forbes,  Howard  C,  4  State  St.,  Boston,  Mass. 

Foster,  Mary  L.,  Maywood,  N.  J. 

Goddard,  John  Newton,  Apartado  loi,  Monterey,  N.  L., 
Mexico. 

Goodrich,  C.  C,  Akron,  Ohio. 

Gross.  John,  Sombrerete,  Zac,  Mexico. 

Hampton,  Frederick  T.,  Hill  City,  Tenn. 

Heacock,  E.  A.,  High  School,  Topeka,  Kan. 

Horton,  William  A.,  96  Prospect  Place,  Brooklyn,  N.  Y. 

Jackson,  Henry  A.,  419  W.  ii8th  St.,  N.  Y.  City. 

Kolb,  Theodore  B.,  616  North  Main  St.,  Elmira,  N.  Y. 

Laist,  Frederick,  Santa  Ana,  Cal. 

Loub,  Charles  M.,  62  Maiden  Lane,  New  York  City. 

Mitchell,  John  P.,  Box  282,  Palo  Alto,  Cal. 

Mojonnier,  Timothy,  918  W.  Green  St.,  Urbana,  111. 

Nagelvoort,  J.  B.,  care  Nickells-Stone  Chem.  Co.,  New  Or- 
leans, La. 
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Nelson,  John  M.,  Expt.  Sta.,  Univ.  of  Nebr.,  Lincoln,  Neb. 

Nickels,  Arthur  R.,  care  U.  S.  R.  R.  Co.,  Colorado  Springs, 
Colo. 

Palmer,  (Miss)  Rose  A.,  1408  31st  St.,  N.  W.,  Washington, 
D.  C. 

Pope,  Frank,  care  the  Dunwoody  Bros.  Soap  Co.,  Denver, 
Colo. 

Prohaska,  Otokar  L.,  361  S.  Winchester  Ave.,  Chicago,  HI. 

Slade,  Henry  B.,  Univ.  of  Nebr.,  Expt.  Sta.,  Lincoln,   Nebr. 

Snell,  John  P.,  Univ.  of  Cincinnati,  Cincinnati,  O. 

Turner,  B.  Bernard,  Univ.  of  Mo.,  Columbia,  Mo. 

Von  Riicker,  Hermann,  163  E.  56th  St.,  New  York  Cit>\ 

Wiley,  Samuel  W.,  150  Main  St.,  Amherst,  Mass. 

Wilkinson,  L.  W.,  Tulane  Univ.,  New  Orleans,  La. 

NAMES  PROPOSED  FOR  ASSOCIATE  MEMBERSHIP. 

Bache,  A.  Wilbur,  1225  i^^^  St.,  Washington,  D.  C. 
Breneman,  Harry  C,  413  W.  117th  St.,  N.  Y.  City, 
eraser,  Frederick  V.  D.,  195  Clinton  St.,  Brooklyn,  N.  Y. 
Danziger,  J.  L.,  2549  8th  Ave.,  N.  Y.  City. 
Dickie,  Albert  E.,  566  Macon  St.,  Brooklyn,  N.  Y. 
Evans,  L.  P.,  Pinole,  Contra  Costa  Co.,  Cal. 
Lewis,   Henry  F.,  Hamil's  Point,  Lake  Joseph,  Winskoka, 
Ontario,  Canada. 

Mersereau,  Gail,  242  W.  123rd  St.,  N.  Y.  City. 
Phipps,  Charles  B.,  East  Rockaway,  L.  I.,  N.  Y. 
Tibbals,  Austin.  353  W.  119th  St.,  N.  Y.  City. 
Whitfield,  Fred.  C,  124  Hicks  St.,  Brooklyn,  N.  Y. 

NEW  MEMBERS  EI«ECTED  OCTOBER   28,    I90I. 

Alexander,  George  E.,  1736  Champa  St.,  Denver,  Colo. 

AUeman,  Gellert,  Washington  Univ.,  St.  Louis,  Mo. 

Arnold,  Lawrence  L.,  5407  Black  St.,  Pittsburg,  Pa. 

Barkur,  Henry  M.,  Copper  Cliff,  Ont. 

Batchelder,  Gilbert  N.,  Box  554,  Montreal,  Canada. 

Berry,  George  M.,  5523  Center  Ave.,  Pittsburg,  Pa. 

Black,  Homer  V.,  Georgia  School  of  Tech.,  AUanta,  Ga. 

Blanchard,  Wm.  M.,  DePauw  Univ.,  Greencastle,  Ind. 

Bolser,  Charles  E.,  Dartmouth  College,  Hanover,  N.  H. 

Collins,  Paul.  Raleigh,  N.  C. 

Cromlish,  Albert  L.,  21  W.  North  St.,  New  Castle,  Pa. 

Furman,  H.  Van  F.,  218  Boston  Bldg.,  Denver,  Col. 

Goldthwaite,  Miss  Nellie  E. ,  South  Hadley,  Mass. 

Guiterman,  Franklin,  835  Ogden  St.,  Denver,  Col. 

Hensel,  Samuel  T.,  801  E.  Colfax  Ave.,  Denver,  Col. 

Hodgkins,  David  H.,  Phillipsdale,  R.  I. 

Hopkins,  Frank  H.,  Meeker,  Col. 

Johnson,  Edward  M.,  Grant  Plant,  Denver,  Col, 
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Kelly,  Wm.  E.,  2061  7th  Ave.,  N.  Y.  City. 

Kepner,  Harry  V.,  2103  Gilpin  St.,  Denver,  Col. 

Lachman,  Arthur,  Eugene,  Oregon. 

Low,  Wilson  H.,  care  of  Cudahy  Packing  Co.»  South  Omaha, 
Neb. 

McCullough,  Edwin  C,  452  E.  3rd  St.,  Dayton,  O. 

Mory,  A.  V.  H.,  care  of  Armour  Packing  Co.,  Kansas  City, 
Kans. 

MuUiken,  Harry  S.,  Monterey,  N.  L.,  Mexico. 

Myers,  Rollin  G.,  88  W.  Main  St.,  Shelby,  O. 

Nakayama,  Takakichi,  care  of  Japanese  Consulate,  99  Nassau 
St. ,  N.  Y. 

Patterson,  A.  M.,  Rose  Poly.  Inst.,  Terra  Haute,  Ind, 

Patton,  Arthur  L.,  Boulder,  Col. 

Remington,  Walter  W.,  Montclair,  Col. 

Richardson,  Charles  H.,  Dartmouth  College,  Hanover,  N.  H. 

Scott,  W.  G.,  care  of  J.  I.  Case  T.  M.  Co.,  Racine,  Wis. 

Seidell,  Atherton,  Dept.  of  Agr.,  Washington,  D.  C. 

Skinner,  Lewis  B.,  Colorado  Springs,  Col. 

Separk,  Edward  A.,  Ironwood,  Mich. 

Spearlin,  Oscar  L.,  S.  C.  Cotton  Oil  Co.,  Columbia,  S.  C. 

Squire,  George  B.,  El  Paso,  Texas. 

Sullivan,  Thomas  V.,  1530  9th  St.,  N.  W.,  Washington,  D.  C. 

Vanier,  George  P.,  229  S.  4th  St.,  Steelton,  Pa. 

Warren,  A.  Sydney,  i  Austin  St.,  Buffalo,  N.  Y. 

ASSOCIATES  BI.KCTED  OCTOBER   28,    1901. 

Annear,  John  B.,  Boulder,  Col. 
Argall,  Philip  H.,  Boulder,  Col. 
Henry,  Carl  D..  Boulder,  Col. 
Thayer,  Harry  S. ,  Boulder,  Col. 

CHANGES  OF  ADDRESS. 

Amberg,  A.  J.,  Boston,  Mass. 

Archibald,  E.  H.,  1691  Cambridge  St.,  Cambridge,  Mass. 

Bacon,  RaymonF.,  5831  Monroe  Ave.,  Chicago,  111. 

Baekeland,  Leo,  **SnugRock,*'  N.  Broadway  (Harmony  Park), 
Yonkers,  N.  Y. 

Balch,  Dr.  Alfred  W.,  Surgeon  U.  S.  Navy,  care  of  Navy 
Dept.,  Washington,  D.  C. 

Beck,  Oscar  C,  330  i8th  Ave.,  Denver,  Col. 

Belden,  A.  W.,  Tenn.  C.  I.  &  R.  R.  Co.,  Robertstown  Fur- 
naces,  Bessemer,  Ala. 

Cady.  H.  B.,  Box  586,  Bay  City,  Mich. 

Campbell,  Archibald,  3312  Hackberry  St.,  Walnut  Hills,  Cin- 
cinnati, O. 

Case,  Elisha  W.,  266  North  Central  Park  Ave.,  Chicago,  111. 

Clark,  Edmund,  426  Sanford  Ave.,  Flushing,  N.  Y. 
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Clark,  H.  A.,  Haskell  Institute,  Lawrence,  Kans. 
Cohoe,  Wallace  P. ,  McMaster  Hotel,  Toronto,  Canada. 
Cook,  A.  D.,  710  E.  SUte  St.,  Ithaca,  N.  Y. 
Craig,  A.  G.,  Colombia  University,  N.  Y.  City. 
Dewey,  Elbert  E.,  274  Ashland  Boul.,  Chicago,  111. 
Dorr,  John  V.  N.,  459  So.  15th  St.,  Denver,  Colo. 
Dnnlap,  Fred.  L.,  717  Arbor  St.,  Ann  Arbor,  Mich. 
Dunn,  Willis  A.,  1030  So.  Hope  St.,  Los  Angeles,  Cal. 
Ebaugh,  W.  Clarence,  Kenyon  College,  Gambier,  O. 
EUery,  James  B. ,  Duquesne,  Pa. 

Evans,  Ernest,  care  National  Steel  Co.,  Zanesville,  Ohio. 
Hand,  W.  F.,  355  W.  119th  St.,  N.  Y.  City. 
Hanson,    Charles   A.,    Goteborgs    Jast-Aktiebolag,  Goteborg, 
Sweden. 

Hardin,  W.  L.,  750  W.  Market  St.,  Lima,  Ohio. 

Hartwell,  Burt  L.,  3713  Woodland  Ave.,  Philadelphia,  Pa. 

Haven,  Prank  S.,  603  Farmington  Ave.,  Hartford,  Conn. 

Hicks,  Edwin  F..  233  W.  44th  St.,  New  York  City. 

Hubbard,  G.  C,  Columbia  Univ.,  New  York  City. 

Kohr,  Donald  A.,  452  E.  3rd  St.,  Dayton,  O. 

Leach,  Mary  F.,  502  Forest  Ave.,  Ann  Arbor,  Mich. 

Lengfeld,  Felix,  202  Stockton  St..  San  Francisco,  Cal. 

Levene,  P.  A.,  Saranac  Lake,  N.  Y. 

Miller,  Armand  R.,  906  Park  Ave.,  Kansas  City,  Mo. 

Moore,  C.  J.,  Western  Maryland  College,  Westminster,  Md. 

Morgan,  Leonard  P.,  A.  and  M.  College,  Stillwater,  Okla. 

Parker,  F.  L.,  Jr.,  College  of  Charleston,  Charleston,  S.  C. 

Peppel,  S.  v.,  Geol.  Survey,  Ohio  State  Univ. ,  Columbus,  Ohio. 

Poole,  Hermann,  157  W.  105th  St.,  New  York  City. 

Porter,  Horace  C,  41 -A  Irving  St.,  Cambridge,  Mass. 

Remington,  J.  Percy,  36  Doughty  St.,  Brooklyn,  N.  Y. 

Riederer,  H.  S.,  251  W.  95th  St.,  N.  Y.  City. 

Rogers,  Allen,  3605  Locust  St.,  Philadelphia,  Pa. 

Sloane,  T.  O* Conor,  49  Wall  St.,  N.  Y.  City. 

Terry,  H.  Warren,  Jr.,  1707  St.  Paul  St.,  Baltimore,  Md. 

Thayer,  Harry  S.,  Boulder,  Colo. 

Thorbum,  A.  D.,  55  Walnut  St.,  Sta.  D.,  Chicago,  111. 

Van  Brunt,  Charles,  48  Brattle  St.,  Cambridge,  Mass. 

Watson,  E.  T..  964  Neil  Ave.,  Columbus,  Ohio. 

Weston,  Daind  B.,  301  Seymour  St.,  Lansing,  Mich. 

Youtz,  L.  A.,  523  W.  123d  St.,  New  York  City. 

DECEASED  MEMBERS. 

Dr.    Philip  S.    Baker,  of  Greencastle,   Ind.,  member  of  the 
Society  since  1894,  ^icd  September  2,  1901. 

Mr.  F.  O.  Matthiessen,  of  New  York  City,   associate  of  the 
Society  since  1876,  died  March  8,  1901. 
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MEETINGS  OF  THE  SECTIONS. 

WASHINGTON  SECTION. 

The  128th  regular  meeting  of  the  Washington  Section  of  the 
American  Chemical  Society  was  held  at  the  Cosmos  Club  Hall, 
Thursday  evening,  October  loth.  The  following  program  was 
presented  : 

'Tyrite  and  Marcasite/*     by  H.  N.  Stokes. 

Dr.  Stokes  stated  that  the  physical  characteristics  by  which 
these  geologically  important  dimorphous  forms  of  iron  disulphide 
are  distinguished  are  not  always  applicable,  especially  when  they 
occur  in  the  form  of  concretions.  The  paper  describes  a  method 
by  which  they  can  always  be  determined,  which  consists  in  boil- 
ing an  excess  of  the  carefully  prepared  mineral  with  a  standard 
solution  of  ferric  ammonium  alum,  under  absolute  exclusion  of 
air,  until  the  alum  is  completely  reduced.  The  reaction  takes 
place  in  two  stages  : 

( 1 )  FeS,  +  Fe,(SO,),  =  sFeSO,  +  2S. 

(2)  2S  +  6Fe,(SOj3  +  8H,0  =  i2FeSO,  +  8H,S0,. 

The  second  reaction  is  always  incomplete,  only  a  portion  of  the 
sulphur  being  oxidized  to  sulphuric  acid.  Under  the  .standard 
conditions  the  percentage  of  sulphur  oxidized  is  60.4  in  the  case 
of  pyrite,  and  ^8  in  that  of  marcasite.  The  percentage  of  sul- 
phur oxidized  or  the  oxidation  coefficient  (p)  is  obtained  from  the 
equation 

^        c  —  a  ^ 

which  is  deduced  from  the  above  equations,  and  in  which  a,  b, 
and  c  represent  the  permanganate  equivalents  of  the  standard 
solution  and  of  the  ferrous  iron  and  total  iron  of  the  resulting 
solution  respectively.  The  proportion  of  the  minerals  in  a  mix- 
ture of  both  can  be  determined  to  within  i  to  3  per  cent,  by  find- 
ing its  oxidation  coefficient  and  referring  to  an  empirical  curve  of 
oxidation  coeflScients  obtained  by  experiments  with  artificial  mix- 
tures. It  was  shown  that  the  concretions  described  by  geologists 
and  mineralogists  as  marcasite  are  frequently  pyrite,  that  the 
density  affords  no  criterion  of  the  composition,  and  that  the  hy- 
pothesis that  most  specimens  of  pyrite  and  marcasite,  even  when 
well  crystallized,  are  mixtures  of  the  two,  paramorphs,  is  with- 
out foundation.  It  was  also  shown  that  their  behavior  towards 
cupric  sulphate  solutions  is  essentially  similar  and  affords  no  evi- 
dence in  support  of  the  hypothesis  of  Brown  that  the  chemical 
con.stitution  of  the  two  minerals,  or  the  state  of  valency  of  the 
iron,  is  different.  The  full  details  are  to  be  found  in  the  recently 
published  Bulletin  No.  186  of  the  United  States  Geological 
Survey. 
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* 

"Insolubility  of  Inorganic  Salts  in  Hydrocarbons/*  by  W.  H. 
Seaman. 

The  author  stated  that  several  years  ago  he  had  the  pleasure  of 
announcing  to  the  Society  a  generalization  on  the  insolubility  of 
glycerol  ethers  in  glycerol.  Now  he  is^  able  to  make  a  still  more 
important  generalization,  that  all  inorganic  salts  are  insoluble  in 
hydrocarbons  of  the  paraffine  series.  Fifty-three  different  salts 
have  been  kept  in  contact  with  benzine,  kerosene,  and  soft  paraf- 
fine for  periods  varying  from  two  to  six  months  without  taking 
up  a  sufficient  quantity  of  any  salt  to  produce  any  residue,  on 
evaporation  in  a  watch-glass,  that  is  visible  by  a  pocket  micro- 
scope. 

The  writer  does  not  know  of  a  single  analysis  of  petroleum  in 
which  the  presence  of  inorganic  salts  has  been  reported  and  in 
view  of  the  fact  that  the  petroleum  has  been  in  contact  with  some 
kinds  of  salts  since  it  was  formed,  the  natural  conditions  go  far 
to  support  the  generalization  stated.  Only  in  the  case  of  am- 
monium carbonate  was  there  any  marked  change ;  a  brownish 
color  was  generally  developed  when  in  contact  with  this  salt,  the 
cause  of  which  is  not  ascertained.  At  the  suggestion  of  Prof. 
F.  W.  Clarke,  anhydrous  ferric  chloride  was  prepcued  and 
tested,  but  the  result  was  the  same.  The  following  is  a  list  of 
the  salts  used : 

Ammonium  thiocyanate,  bromide,  phosphate,  oxalate,  carbon- 
ate, chloride,  nitrate ;  antimony  sulfide ;  barium  chloride, 
nitratje,  carbonate,  dioxide ;  bismuth  nitrate ;  arsenious  add ; 
calcium  chloride  and  nitrate  ;  ferric  chloride  and  ferrous  sulfate ; 
ferric  ferrocyanide  ;  magnesium  carbonate ;  potassium  bromide, 
cyanide,  carbonate,  iodide,  bichromate,  sulphate,  chlorate; 
magnesium  dioxide ;  potassium  acetate ;  sodium  bicarbonate, 
acetate,  nitrate  and  sulphate ;  tartar  emetic ;  zinc  oxide ; 
potassium  ferrocyanide,  chromate,  hydroxide,  picrate,  chloride, 
nitrite  ;  sodium  borate,  carbonate,  chloride,  hydroxide,  nitrite, 
thiosulphate  ;  ammonium  molybdate,  bichromate,  sulphate  ;  am- 
monia alum  ;  magnesium  sulphate  and  lithium  carbonate. 

tr.  S.  MCN802T,  Sectary. 
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DECEASED   MEMBERS. 

Mr.  Stratford  Burtt,  of  Brooklyn,  N.  Y.,  member  of  the  So- 
ciety since  January,  1901,  died  March  15,  1901. 

MEETINGS  OF  THE  SECTIONS. 

CINCINNATI   SECTION. 

The  eighty-fifth  meeting  of  the  Cincinnati  Section  was  held  in 
Hanna  Hall,  Cincinnati  University,  on  Tuesday,  October  15,  1901, 
Vice-president  Hochstetter  presiding.  Frank  I.  Shepherd,  secre- 
tary of  the  section,  resigned  on  account  of  his  removal  to  Califor- 
nia, and  If  It'  Watters  was  elected  to  fill  the  vacancy. 

The  papers  read  were  ; 

1.  *'  On  Magnesium  Amalgam  as  a  Reducing  Agent,"  by  Pro- 
fessor Thomas  Evans,  who  described  its  production  and  its  action 
on  nitrobenzene  and  other  aromatic  nitro  bodies. 

2.  "  Some  Remarks  on  Thatcher's  Method  for  Calculating  the 
Weight  of  Precipitates  without  the  Use  of  the  Balance,**  by  Dr. 
Alfred  Springer.  He  gave  the  results  of  a  number  of  determina- 
tions mad^by  Thatcher's  method,  from  which  he  concluded  that 
it  was  well  adapted  for  rapid  technical  analyses. 

The  paper  was  discussed  by  Messrs.  Evans,  Springer,  and 
Watters. 

The  eighty-sixth  meeting  of  the  Cincinnati  Section  was  held  in 
Hanna  Hall,  Cincinnati  University,  on  Friday  evening,  Novem- 
ber 15,  1901,  President  Crane  presiding. 
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The  following  papers  were  read  : 

1.  "  An  Analysis  of  Garden  Sage  {Salvia  officinalis),'^  by  Dr. 
L.  L.  Waiters.  His  analysis  showed  sage  to  contain  0.96  per 
cent,  of  volatile  oil,  14.19  per  cent,  of  proteid  matter  of  which 
almost  one-half  was  insoluble  in  water  and  in  dilute  caustic  solu- 
tion. Curiously,  no  starch  was  found,  and  in  opposition  to  anal- 
yses previously  made  by  Ilisch  and  Riga,  no  malic  acid  could  be 
detected,  while,  contrary  to  other  analysis,  4  per  cent,  of  an 
*'  iron-greening*'  tannin  was  found. 

2.  **  Some  Observations  on  the  Manufacture  of  Heavy  Chem- 
icals in  Europe,**  by  F.  W.  Weissmann.  Mr.  Weissmann  de- 
scribed the  technique  of  the  manufacture  of  acids  and  alkali 

cement,  etc.,  in  the  larger  plants  in  Germany. 
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